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IN T R 0 D U C T I ON 


The wor2L aiabetes (to flow through) was coined 
by Greek physician Aeretaeus in the first century A.D.. 
Diabetes mellitus is a clinical syndrome characterised 
by hyperglycemia/ due to deficiency or diminished effec- 
tiveness of insulin. Relative or absolute lack of 
insulin affects the metaoolism of carbohydrate, protein, 
fat/ water and electrolytes. It leads to grave conse- 
quences in the torm of permanent and irreversible func- 
tional and structural changes in the cells of tody, those 
of cardio- vascular system, being particularly susceptible. 
Changes also occur in eyes, kidneys and nervous system. 

The incidence of diabetes mellitus is one percent in 
western countries. It is eighth health related cause of 
death in United States. Nearly all morbidity from 
diabetes mellitus is related to cardiovascular dysfunction, 
either coronary artery disease or' renal failure secondary 
to vascular disease. 

The process of atherosclerosis tends to be more 
extensive and more severe in diabetic patients that in non 
diabetics resulting in an increased rrequency of myocardial 
infarction. Indeed coronary artery disease_.i.s the leading 
cause of death among adult diabetics and accounts for 
three times as many deaths among diabetics than among 


nondi abetics 
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The incidence of coronary artery disease 

■ ■ , i 

correlates more closely with the duration of diabetes 
than its severity. In cases with long standing diabetes 
mellitus the size of infarct is bigger, they are more 
prone to develop arrhythmias and post infarction course 
in general is more complicated. 

Laooratory testing in asymptomatic diabetics 
show a surprisngiy high prevalence of cardiac abnorma- 
lities, Zoneraich reported EGG abnormalities in 51% and 
vectorcardiographic abnormalities in 75% of a group of 
ambulatory patients wno were asymptomatic diabetics 
between the age of 15-81 years. Evidence of myocardial 
infarction was present in 14% whereas 41% had distortions 
of QRS vector loop, 25% of the diabetics shov; intra 
atrial conduction disturbances (Zoneraich and Zoneraich) . 

Coronary artery disease has been reported to 
show an increasing trend in India, Studies suggest that 
incidence- of CAD ranges from 6 to- 23%f-- of alL-heart- patients 
and the percentage is still higher in diabetic patients. 

Tne pattern of CAD as reported in India is as under. 

- IHD appears a decade earlier in life as compared 
to the age incidence in developed countries. 

- Males suffer more ■ than the females,. Ratio being -4 : 1, 
except the extreme of life. Low risk enjoy eel by younger 
women in general population is lost in diabetic patients 

- Diabetes mellitus and hypertension account fpr about 
40% of all cases. 
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- Heavy smoking is an important risk factor in a 
fair number of cases. 

CAD is a condition of diverse etiologies, all 
having in' common a disturbance of cardiac' function due t'o ' 
an imbalance between oxygen supply and demand. The most 
common cause of ischemia is atherosclerotic disease of 
epicardial coronary arteries, which is more pronounced in 
diabetics as compared to non-diabetics, leading to luminal 
narrowing in these vessels to the extent tnat there is 
absolute decrease in myocardial perfusion in the basal 
state or there is lacK of appropriate increase in perfu- 
sion when the demand is increased due to increasea work 
load. 

Coronary artery disease has become the most 
important cardiovascular event of premature death and 
disability. It is specially so in diabetics. The disease 
may' result in sudaen death or it may manifest itself as 
an acute and often fatal attack of myocardial infarction 
or as angina pectoris. In the diabetics these ischaemic 
episodes are at times painless or the pain if experienced 
is not as severe as in non-diabetics. 

RISK FACTORS FOR DIABETES ICLLITUS 

Genetic predisposition. 

Obesity. ■* 

Physical inactivity. 

Physical and psychological stress. 
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Birth of unusually large bahies is a striking 
pointer to the sxibsequent development of 
aiabetes in the mother. 

Diabetes mellirus is major risk factors for tne 
coronary artery disease. Ihe others are smoking, hyper- 
tension, hyperlipidemias, obesity, physical inactivity and 
emotional stress, all these are reversible. The non 
reversible risk factors are age, male s. ex and genetic 
traits. The risk tactor concept implies that a person 
one or more of these factors is more: Tike ly to develop a 
clinical coronary atherosclerotic event and is likely to ' 
do so earlier than a person with no risk factors. 

DIAGNOSIS OF CAD IN DIABETICS 

Postmortem studies ' have . shown that coronary 
atherosclerosis often starts at an early age in diabetics 
and is wide spread in adults who were asymptomatic during 
life. In addition exercise stress test in asymptomatic 
persons may show evidence of silent myocardial ischemia 
i.e. exercise induced electrocardiographic changes not 
accompanied by angina and coronary angiography in such 
persons frequently reveals obstructive coronary artery 
disease. In contrast to asymptomatic phase of ischemic 
heart disease, the symptomatic phase presents with chest 
pain on account of angina pectoris or acute myocardial 

infarction. Once a patient has entered the symptomatic 

!■ 

phase he may exhibit a stable or progressive course, 
rarely revert to asymptomatic phase or die suddenLv. 



Angina Pectoris : This is a clinigal syndrome 


resulting from transient myocardial ischemia. The typical 
patient with angina has troublesome or frightening but 
occasionally only mild chest discomfort, usually described 


as heaviness, pressure, squeezing, smothering or chocking 
and only rarely as frank pain, usually in suosternal and 
left side of chest lasting one to five minutes. Angina 
can radiate to left shoulder and to both arms and specially; 
to the ulnar surface of the forearm and hand. It can also 
arise in or radiate to the back, neck, jaw, teeth, and 
epigastrium. Although angina is typically caused by 
exertion or emotion and is relieved by rest, it may also | 

occur at rest and at night while the patient is in recum- 
bent position called angina decubitus. Angina is frequently 
precipitated by unfamiliar task by a heavy meal or by exposu 
to cold. However, angina may be atypical in location and ma| 
not be strictly related to provoking factors. Under such i 
circumstances the exercise BCG becomes mandatory. 


ELECTROCARDIOGRAM 


When 12 lead ECG is recorded at rest in 70-80% of 
the patients with typical angina pectoris, it is found to 
be normal. Repolarization abnormalities i.e. ST segment 

and T wave changes at rest are suggestive of myocardial 

!■ , ■ 

ischemia but they are not specific because they can also 
occur in pericardial. 1 myocardial, aqd valvular heart 
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disease or with change in posture, drugs, oesophageal and 
biliary diseases. Due to these reasons exercise stress 
testing becomes most widely used test for the diagnosis 
of IHD. 

Coronary artery disease is one fatal -disease 
that causes recurrent chest pain. Therefore a patient who | 
experiences such episodes of chest pain should have coronar^_ 
artery disease, excluded or confirmed in order to allow for 
development of an appropriate management plan. Prior to 
the beginning of the 2nd decade of this century, the only 
criteria for the diagnosis of CAD were chest pain, its 
nature and characteristics and resting ECG. Many patients j 
who had chest pain of non cardiac origin were diagnosed as | 
cases of CAD -and many patients who v/ere asymptomatic but { 
having coronary insufficiency to some extent remained ; 

undiagnosed. ; 

■I 

Chest pain- on. exertion is the first symotom that I 
forces a patient to seek advice of his physician. Earliest ! 
contribution in the field of exercise ECG was from 
Bousfield xvho recorded ST segment depression in the three 
standard leads for the first time during spontaneous 
angina in 1918. Later FEIL and Seigel (1928) demonstrated 
that angina was accompanied by a prolonged period of ST 
segment depression. They used the .term positive response 
when ST-T wave changes were produced by exercise along 

i, ■ ' ' . ; 

with the increase of anginal pain. They considered that 
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ECG abnormalities in angina patients were due to reduction 
of blood flow to the heart and the ECG findings retxirn to 
normal when chest pain subsides and also v/hen Nitroglyce- 
rine was given to the patients with angina pectoris. They 
performed their exercise tests by having the patients to ' 
do sit ups. Einthoven also recorded the ST segment 
depression after exercise. 

Dr. Arthur M Master's original and invaluable 
.contribution in the field is truely legendry and he 
unquestionably deserves the credit. Master p\±)li shed his 
first paper regarding the exercise test in 1929. He 
measured only pulse and blood pressure to evaluate the 
cardiac capacity and he failed to recognize the value of 
electrocardiographic findings to diagnose ischemia. After 
12 years of Master's original contribution, the importance 
of taking an electrocardiogram before and after the exer- 
cise test to detect the coronary insufficiency was first 
proposed by Master himself along with Jaffe. 

The Master's test has a sensitivity of 48-60% 
and specificity of 80-83% in detection of coronary athero- 
sclerosis but an important limitation of Master's test is 
that in some patients, the single work load used requires 
an increase in MVO^ which is inadequate to elicit y 

ischaemic manifestation. 

Untill 1955 the Master's test was the exercise 
ECG test of choice and it is still widely used in many 
parts of the world where sophisticated and modern exercise 
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laboratory facilities are not available. Since 1956 modern 
exercise SCG test using a motor driven treadmill and bicycle 
ergometers began to receive wide acceptance for research 
purposes as well as for clinical practice. In United States 
of America in most medical institutions and many private 
clinics physicians like exercise electrocardiography per- 
formed using a motor driven treadmill. In European count- 
ries, hov/ever, the treadmill is much less popular and 
commonly a bicycle ergometer is used instead. The reason for 
this is probably the europeans are more familiar v;ith bicycle 
riding as part of their day to day life. 

Both bicycle ergometers and treadmill are very 
popular at present but treadmill has some advantages over 
the bicycle ergometers because maximal oxygen uptake is 
6-28% higher in the former as compared to later. Moreover, 

ST segment changes have either been the same or slightly more 
frequent during treadmill testing (Wick and Sutton, 1978). 

In addition to these, other forms of stress tests 
have also.been developed such as induced hypoxia, isometric 
exercise and atrial pacing. These stress tests have not 
gained popularity owing to difficulties in performance and 
standardization ^as well as lack of sensitivity and^^ ^^^^^ ^ 

specificity. 

Various multistage exercise protocols have been 
developed for the graded exercise EGG test by different 
investigators using either motor driven treadmill or an 
electrically braked bicycle ergometer . 
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REVIEW OF L I T E R A T U R E 


The knov^ledge of diabetes dates back to centuries 
before Christ, Egyptian papyrus Fbers (Ca 1500 BC) descri- 
bed the illness associated v/ith the passage of much urine. 
Celsus (30 BC to 50 AD) recognised the disease but it was 
not-until tv;o centuries later that another Greek physician 
reno^med ARETAAUS of Cappadocia gave the name Diabetes 
(a Siphon). He made the first complete clinical descrip- 
tion# describing it as a melting dov/n of flesh and limbs 
into urine. 

From 3rd to 6th centuries AD Scholars in China# 
Japan and India wrote of a condition v/ith polyuria in 
v/hich the urine was sv/eet and stickyo Hov/ever, this fact 
was knov/n for centuries that diabetic urine tastea sweet# 
it remainea for WILLIS in 1674 to add the observation 
'”as if imbuec with honey and sugar". The name aiabetes 
mellitus (mellitus = honey) v/as thus estaolished, A 
century after Wiliis# Dobson demonstrated that sweetness 
v/as# indeed# due to sugar. 

The progress in understanding of this disorder 
came very slowly until the middle of 19th century, 7 

Gangrene had been described by Avicenna# an Arab 
physician# in about 1000 AD, Its hereditary tendency 

v;as described (Passed v/ith seeds) as v/ell as two general 

' ' ' ' ' ’■ ' 

varieties one v-/ith the classic acute symptoms (type I or 

I p ■ 

IDDM of today's terminology) ^nd Other with ("torpor# 




10 


indolence and corpulence" (Type II or NIDDM) . 

The islets in the exocrine pancreas were first 
noted in fish by Brockman early in 19th century, but 
Langerhans/ in 1869, first described them in mammals. , 
Soon aftet this, German scientist. Von Merino and 
Minkowski found that surgical removal of pancreas 
produced diabetes in-dogs. 

In 1921 Frederick Banting and Charles best 
prepared active extracts of pancreas v;hich lov/ered the 
elevated glucose levels of diabetic dogs. 

The clinical recognition of coronary artery 
disease begins v;ith awareness of marked frequency of this 
complication, when a patient gives history of typical- 
angina pectoris. Anatomically severe coronary athero- 
sclerotic disease v.-ill be confirmed in more than 90/o of 
instroncss. The diabetic may also present with vague and 
atypical chest, neck, or upper extremity pain, or 
Epigastric' discomfort. A vride variety of symptoms may 
be anginal equivalents. The fatigue particularly v;hen 
produced abruptly by exercise and relieved by rest may 
signal ischaemic heart disease. 

The significance of exercise EGG test in 
diabetics is further increased because of higher incidence 
and atypical presentation or even absence of alarming 
symptoms inspite of myocardial infarction. 

The work on exercise EGG and recognition of 

I ■; 

its importance dates back to early part of the] cenfury 
in 1918 anvd the credit coos to Bonsfield. 
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Dr. Arther M master will^ be remembered for his 
contribution in the field of exercise ECG. The Master's 
test is a single lead stress test in v;hich the subjects 
perform preselected number of trips, up and down two 
nine-inch steps in a prescribed time period with recording 
of leads II and V, throuoh at intervals after exercise. 

O ^ D 

The original 90 second test has been extended to 3 minutes 
(The double master’s) and the number of trips further 
increased by 15% (Tne augmented double master's test). 

VJhile a variety of changes in the electrogram have been 
proposed as indicators of ischaemia, only the occurrence 
of a flat ST depression of at least 0.05 mv in magnitude 
has been i-/idely accepted and validated for master's test. 
Studies correlating electrocardiographic response to the 
Master's test v/ith coronary angiography suggest that the 
test has a sensitivity of 46-66% and specificity of 80-33% 
in detecting the obstructive coronary artery disease. 

In 1931 Wood and VJolferth also described the ST 
segment change following exercise in patients of CAD. 

They described that was the most useful lead to detect 
the ischaemic changes than the standard limb leadSo 

Goldhammer and Scherf in 1932 reported ST 
segment depression after exercise in 75% of .40 patients 
with Angina and ..they documented the value of exercise to 
confirm the diagnosis of ischemia due to coronary heart 
disease. ' ■ . 
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Ketz and Landt in 1935 proposed that lead v/as 
the best lead to bring out the ischaemic changes., They 
asked their patients to exercise by lifting dumbbells 
while lying on a table. 

In 1940^ Psiseman and co-workers described the 
use of continuous monitoring for the first time and they 

pointed out that ST segment depression usually appeared 

before the onset of anginal pain and usually persisted 
for a time after the chest pain subsided. 

Leibov; and Fell in 1941 recognised for the first 
time the false positive EGG due to digitalis effect. 

Johnson and co-v/orkers in 1942 developed Harward 
step test which was vary similar to the original Master's 
test. It v;as used v/idely in athletic circles to assess 
physical fitness. 

V7ood and co-v/orkers in 1950 described their 
experience with an effort test at the National heart 
Hospital in London. They asked their patients to run to 
the maximal level of their capacity. They concluded that 
sensitivity of their test was 88%, reliable as compared 
to 39% reliaoility of MasterVs test. They further 
emphasized, that the amount o.: exercise should not be y 

fixed but rather adjusted to the patient's capacity in 
order to bring btit a nigher percentage of positive tests 
in patients with coronary artery disease by giving the 
maximal exercise. 

Yu and Soffer in 1932 oroposed the followirio 


ECG Changes indicating myocardial ischaemia by using 
the Master’s test uith continuous monitoring. ; 

Ao ST segment depression of 1,0 mm or greater. 

B. Alteration of the T v/ave direction from upright 
to inverted or inverted to upright. 

C. 5054 or greater increase in T wave amplitude 
as compare{a. to resting, 

D. .. Prolongation of -the Q-T T~Q ratio to more than 

tv7o, during exercise. 

They again stressed the importance of continuous 
monitoring. In addition Yu and co-workers reported ths 
exercise ECG test using a motor driven treadmill elevated 
to a 10/4 to 20 % grade with continuous monitoring . They 
proposed a bipolar lead from the right scapular to the 
lead Vg position to be used for treadmill exercise EGG 
test. 

riel and Brofman in 1953 studied the effect of 
exercise on electrocardiogram in bundle oranch block and 
also reported false positive exercise ECG tests in his 
patients with W.P.W. syndrome. 

Aoenavoli reported ischaemic ECG abnormalities 
in seven of tv/elve asymptomatic diabetic males undergoing 
exercise testing. ' 

PATHOPHYSIOLOGY OF EXERCISE 

■ ■ ' ■ ■ 

The basic;aim of exercise testing is to increase 
the rayoG ardi a 1 oxygen requirements to unmask 


a r educed, 
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relatively fixed coronary olood rlov/o The resultant 
myocardial ischaemia, may then be detected through electro- 
cardiographic abnormalities/ usually in the form of ST 
segment changes o The exercise ECG has two major roles/ 
one is to determine xhether the coronary circulation is 
capable of increasing the oxygen supply to the myocardium 
in response to increased demands. During physical 
exercise/ myocardial oxygen demand is increased by 
increment of systolic blood pressure/ the contractile 
state of the myocardium and the heart rate. The other role 
of exercise SCG test is to assess the exercise capacity. 

Augmentation and revdistribution of cardiac 
output/ as well as increased tissue extraction of oxygen 
from blood/ are important mechanisms for increasing 
oxygen transport and delivery during exercise. Cardiac 
output increases during exercise in a linear relation to 
the total body oxygen consumption until the subject 
exceeds 40% of maximal oxygen consumption at which the 
relation becomes curvilinear . This augmentation of 
cardiac output is accomplished by increase in heart rate,' 
myocardial contractility and stroke voliome and is asso- 
ciated v;ith a rise in central blood pressure and a fall 
in vascular resistance. 

The decrease in total peripheral vascular 
resistance results from marked .local vasodilatation in 
exercising muscles, a response, which overcomes the 
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opposing effects of a generalisea increase in activity 
of sympathetic noradrenergic fibres to both resistance 
and capacitance vessels. It is supposed that blood flow 
to the cardiac and active skeletal muscles increases 
while vasoconstriction occurs in inactive muscles and 
in the visceral vascular beds. 

In comparing the mechanism responsible for 
augmenting oxygen delivery to cardiac versus skeletal 
muscles, two important differences exist. First, myocar- 
dium depends almost entirely upon increases in coronary 
arterial blood flow, for oxygen extraction is nearly 
complete, about 7% even at rest, with coronary sinus 
blood containing only 2 to 5 volumes percent of oxygen. 

It indicates that myocardium is a flow dependent tissue. 
Skeletal muscles on the other hand, are capable of three 
fold increase in oxygen extraction above resting volumes, 
second skeletal muscle is able to continue contracting -^in 
the absence of oxygen, whereas cardiac muscle is strictly 
aerobic. Coronary blood flow is largely diastolic. During 
exercise a fall in coronary vascular resistance accounts 
for the increase in coronary blood flow despite a decrease 
in diastolic time per minute. The fall in the coronary 
resistance may be mediated by an increase in myocardial 
release of adenosine, a potent coronary vasodilator, in 
response to hypoxia or to an increase in oxygen consump- 
tion per se. 


Bn e type of exercise is another impiortant 



consideration when evaluating a subject's response to 
stress testing o The circulatory response to exercise 
will , depend '.on whether the exercise, is conducted in 
upright or supine position# whether it is dynamic or 
isometric# whether is is performed with the upper or 
lower extremities or whether it is executed on a bicycle 
ergometer# steps or treadmill. . 

There is only small difference in maximal 
cardiac out put and oxygen consumption when bicycle# 
treadmill or step exercise are compared. Cycling elicits 
the lowest maximal levels and running on a treadmill 
elicits the highesto The difference is hardly seven per 
cent. Bicycle exercise may be inherently more stressfull 
than treadmill exercise, since the former evoked higher 
heart rates and blood pressure at the same work load. It 
could be related to the discomfort associated with the 
bicycle seat. 

The coronary blood flow during exercise is 
significantly reduced when there is at least 50% narrowing 
of the coronary blood vessels although a significance 
reduction at rest occurs only when the stenosis is 85% , 
The product of heart rate and systolic blood pressure 
(Double product) can be calculated and this is considered 
to be a practical index for myocardial oxygen requirement. 


PROTOCOLS FOR TREADMILL ECG TEST 


Although nximerous multistage protocols for 
exercise have been designed by different investigators, 
none of these protocols are ideal for every individual. 

As far as the ideal exercise ECG test is concerned, tne 
initial worK load should be well within the individual's 
anticipated physical working capacity. The work load 
should be increased gradually and not abruptly and it 
should be maintained long enough to attain a near 
physiologic steady state. It is essential to look for 
the symptoms and signs, like chest pain, dizziness, 
dyspnoea, extreme fatigue, blood pressure, heart rate, and 
electrocardiographic changes during the entire procedure 
and throughout at least six to eight minutes of post 
exercise period. The exercise should be terminated when 
significantly abnormal symptoms, signs, marked ST segment 
changes or serious arrhythmias are appreciated or when a 
predetermined heart rate is reached. In same exercise 
protocols the work load is increased by changing speed 
alone with fixed grade whereas in others grade is increased 
with fixed speed. In Bruce protocol however, the work 
load is increased by changing both speed and grade. If 
we compare Balke, Bruce, Ellestad and modified Astrand 
protocols, there ..is hardly any significant difference in 
oxygen uptake, heart rate, and blood pressure, when 
exercise is done accordingly to these protocols. 
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For progressive increment of work load at least 

j . ■ 

three minutes * intervals are preferable so that Steady 
state blood pressure and heart rate responses can be achieved. 
If the speed becomes such that the patient has to run or jog 
in order to keep up the speed, this results in an undesira- 
ble deterioration of electrocardiogram in addition to 
giving an uncomfortable feeling to the patient. 

When maximal exercise test is compared with the 
submaximal (85-90% of the maximal heart rate) there appears 
to be no significant difference in clinical and practical 
sense. Many authors prefer sxibmaximal exercise test because 
many patients with coronary heart disease are unable to 
perform the exercise test up to maximum limit. The exercise 
test should not be too short. Not to allow sufficient time 
for the patient to warm up or too long, so that it does not 
limit exercise by fatigue rather than angina. 


Name of 
protocol 

stage 

Duration 
(min. ) 

Grade 

(%) 

Speed 

MSTS 

Bruce 

1 

3 

10 

1.7 

4 


2 

3 

12 

2 o 5 

6-7 


3 

3 

■ 14 

3.4 

8-9 


4 

3 

16 

4„2 

15-16 


5 

3 

18 

5.0 

21 


6 

3 

20 

5.5 

- 

Modi f i ed Bruc e 

0 

3 

0 

1.7 

1.5 


1 

3 

5 

2.8 

2 <, 5 


2 

3 

10 

2o8 

5,0 


3 

3 

12 

4ol 

7.0 

i ' 

4 

3 

14 

5.5 

o 

• 

o 


5 ^ 

3 

16 

6.7 

13.0 

■ ' . . !'■ 

6 

3 

18 

8.0 

16.0 


1 

'.i . • . 3 . : 

2 0 

8.8 

19.0 

■■■ ■■■'■h',',' 

RE 

5'': ' 

0 

lo7 
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The percentage of maximal predicted heart rate 
that a patient achieves at peak exercise can provide an 
estimate of efficacy of the test, Ihe percentage of 
max imxim heart rate at which symptoms or electrocardio- 
graphic changes occur may be helpful in assessing a 
person's degree of disability. 

The metabolic equivalents (MET) which are multi- 
ples of basal metabolic rates are commonly used to express 
the work load in -various -stages of exerqise protocols. The 
resting oxygen consumption is approximately 3.5 ml/kg/min. 
or 1 MET. If a siibject is tested to his maximum physiologic 
capacity# he is presumed to have reached his maximum oxygen 
consumption (Max. VO^) . Each level of work on the tread- 
mill requires a specific oxygen consumption per kg of body 
weight i.e. a specific multiple of resting oxygen consum- 
ption# can be 2 METS# 3 METS, X METS# therefore# it is 
known what number of MBTs are required for each stage of 
a particular protocol. The total number of METs achieved 
can be used as an indicator of work capacity. If we 
correlate the cardiovascular capacity with METs the 
functional class III patients usually becomes symptom 
limited at 3-4 METs, Functional class II patients become 
symptom limited at 5 or 6 METs, and functional class I 
patient can perform exercise beyond 7 or 8 METs, Healthy 
active man can perform exercise upto 12-15 METs, 
can perform exercise upt!o 16 to 21 METs, 
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LEAD SYSTEM ' 

The most commonly utilized lead system is a 
modified Dipolar lead Vg when single channel ECG recording 
equipment is available. The- pos.itive electrode is placed 
in the fifth intercostal space at left anterior axillary 
line and the negative electrode is placed in various 
locations, including the forehead (CHg) , right infracla- 
vicular region (CSg) , left fifth intercostal space (CCg), 
or the back (CAg) manubrium (CMg) , Among, these combina- 
tions, CMg seems to be most popular lead system and this 
lead is reported to detect 89% of ECG abnormalities to 
compare with 12 lead ECG recordings, Blackburn reported 
CMg to be more sensitive in detecting ST segment shift 
but at the same time the incidence of false positive test 
is also increased owing to its semivertical orientation, 
^'Then the two channel recordings are available, 
an additional inferior lead (II, III or avF) with a modified 
lead Vg can increase the diagnostic yield of exercise ECG 
tests. When a multichannel recorder is available, six 
leads consisting of leads II, avF and Vg, V^, Vg and Vg 
are said to be ideal to detect more ECG abnormalities. 

When limb leads are utilized in order to prevent motion 
artifacts, arm electrodes should be placed in both 
infraclavicular fossae and the left leg electrodes should 
be placed just above the anterior superior iliac spine. 

' PRAiiK X, Y,, Z leads also us bd some time are 
less sensitive in detecting exercise induced ST segment 
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ehanges and this lead system has not been widely accepted. 

In most of the institutions now 12 lead ECG 
recording is done before, during exercise and during 
recovery period with simultaneous 3 leads recording for 
continuous monitoring, 

CLINICAL USES OF TREADMILL EXERCISE TEST 

1, Evaluation of chest pain, 

A. 'In patients with stable effort angina. 

B. In patients with atypical chest pain of probable 
ischemic origin, 

C. In patients with atypical chest pain of probaole 
nonischemic origin. 

2, Assessment of effort tolerance. 

A, In asymptomatic subjects, 

3. In patients with known ischemic heart disease. 

C. In patients with known nonischemic heart 
disease (e.g, valvular heart disease). 

3, Detection of myocardial ischemia in patients at 
high risk for coronary artery disease. 

4,. Detection of supraventricular and/or ventricular 
dysrrhythmias, . 

A. In patients with effort related lightheadedness 
Breathlessness, or frank syncope, 

B, In association with myocardial ischemia. 

■ . 

5 . Evaluation of exercise blood pressure in hyper- 
tensiv^ patients. .j, . 



6. Evaluation of antianginal therapy, 

A, Medications. , , 

B, Myoc.ardial revascularisation procedures. 

7. Development of guidelines for exercise prescription 
and prognosis in post- myocardial infarction patients. 

8. Use in sports medicine and corporate heath screening. 

EVALUATION OF PATIENTS WITH CHEST PAIN 

The reason to perform treadmill exercise test 
in patients with undiagnosed chest pain is to acquire a 
data base consisting of Doth EGG and non EGG exercise 
responses. This data base then allows the clinician to 
form a firmer diagnostic impression as to whether or not 
GAD is present. 

The EGG ST segment response on exercise has 
received a great deal of attention as a prognostic marker 
for coronary artery disease for over two decades . Only 
recently have hemodynamic responses been acknowledged as 
being equally meaningful. Important non-EGG exercise 
responses that should be included in^ the data base are : 

1, Heart rate achieved at peak exercise, 

2 , Systolic and diastolic blood pressure responses 
at submax imal and maximal exercise, 

3, Peak rate pressure product (systolic blood pressure x 
heart rate)' as a non invasive ly determined reflection 
of myocardial oxygen consumption (MVO^) , 

4, Duration of exercise, ' I I 
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5. Time of onset of anginal symptoms/ischemic changes 
during exercise as well as the duration of ischaemic 
changes in EGG (if any) in the recovery period. 

6. Development and cnaracterisation of dysrhythmias 
specially ventricular. 

7. Development and nature of clinical symptomatology, 
specially anginal pain or symptoms of inadequate 
cardiac output such as dizziness, staggering gait 
or marked breathlessness. 

NORMAL RESPONSE TO EXERCISE 

1. Progressive increment of blood pressure and heart 
rate during exercise. 

2. Shortenning of Q-T interval with increased Q-T:R-R 
ratio. 

3. Physiological S-T segment alteration : 

a. Junctional ( J. point) S-T segment depression 
Of 2 mm '.•Jith duration ^0.06 sec, 

b. Vasoregulatory asthenia. 

c. Orthostatic EGG changes. 

d. Labile T wave changes. 

e. S-T segment depression only in the post 
exercise period (?) . 

4o Alteration of T wave direction or morphology. 

5. Slight reduction of R wave amplitude. 

. Shortening of P-R interval or varying P-R intervals. 
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7. Downward displacement of P-R segment due to 
prominent T-a wave amplitude. 

8. Peaking and tall P v/ave during very rapid heart rate, 

9. Minor symptoms such as dyspnoea , fatigue, sweating etc. 

INTERPRETATION OF THB SXSRGISS EGG TEST 

The EGG S-T segment response had receivea a great 
deal of attention as a prognostic marker for cdfonary 
artery disease tor over tv:o decades. Only recently have 
hemodynamic responses been acknowledged as being equally 
meaningful. 

Among various S-T segment alterations the hori- 
zontal or aowns loping S-T segmenr. depression of 1 mm or 
greater is tne most reliable criterion ror the positive 
exercise EGG test. Upsloping (slow rising) S-T segment 
depression is an almost equally reliable finding for the 
positive exercise EGG test. The S_t segment elevation is 
only occasionally observed and in most cases, it is found 
in patients with previous myocardial infarction. 

Various types of S-T segment responses to 
exercise are ; 

1. S-T segment depression. 

a. Horizontal (square wave) d. Upsloping 

b. Functional (junctional e. Slow rising 

or j point). f. Sagging. 

c. Downsloping. ; 


2. S-T segment .elevation 
a. Horizontal 


b, Upsloping 


HORIZONTAL AND DOWNSLOPING S-T SEGMENT DEPRESSION 


For ma^cimal (and most sixbmaximal) exercise tests, 
ischemic S-T segment depression of 1.0 mm or more at 90 m 
sec after the j point, *in association with a horizontal 
or downsloping S-T segment, ' is required to call a test 
positive. Using this criteria, the incidence of true 
positive responses in patients with coronary artery disease 
has varied from 60 to 85%(sensitivity) , Goldschlager et al 
(1976) reported that 330 patients were referred for diag- 
nostic evaluation of chest pain with or without prior 
infarction, and had ooth maximal treadmill exercise testing 
and selective coronary angiography. Depending upon the 
criterion for an ischaemic response, sensitivity of S-T 
segment changes was 64% to 76% and specificity was 83 to 93% 
Downsloping S-T depression was associated with only 1% false 
positive, while horizontal depression was associated with a 
15% , false positive rate. However, if time of onset (first 
3 minutes in Bruce protocol) and slow recovery (ST depre- 
ssion persisting for J 8 minutes from exercise termination) 
were considered, there was a 91%, 86% and 90% prevalence of 
two vessel , three vessel or left main coronary disease 
respectively. 

The concept that marked S-T segment depression is 
associated with a- more severe degree of coronary artery * 
narrowing than minimal changes has been demonstrated by 
a number of investigators. Table I compiles the results of 
four studies in which the amount of ischaemic depression ils 





compared with the incidence and extent of coronary occlu- 
sive disease. This table indicates that patients in v;hom 
2 mm or greater ischemic S-T depression occurs have a 57% 
incidence of three vessel disease and an overall 85% incid- 
ence of tv/o or three vessel disease. The incidence of 
single vessel disease in patients having 2 mm or more S-T 
depression is only 17%. 


TABLE I 


S-T 

depression 

Single 

vessel 

Double 

vessel 

(%) 

Triple 

vessel 

(%) 

72 mm 

17 

28 

57 

1.0-lo9 mm 

21 

30 

42 

7 1*0 mm 

19 

16 

21 


When S-T segment deviation is analysed/ a number 
of variables must be considered, one of which is clinical 
setting (whether the. individual has angina, atypical chest 
pain, or no cardiovascular symptoms) in which testing is 
performed, Koppes et al (1977) popularised this concept 
by comparing the prevalence of coronary disease and test 
diagnostically (utilising the concept of Bay's theorem and 
likelihood ratio) to help and put in perspective what it 
means to have an ischaemic S-T response during or after 
exercise. Patients with a classical history of angina will 
be found to have coronary artery disease 90% of the times 
•while asymptomatic individuals, depending on age, might have 
a prevalence of coronary artery disease of 10% or even less. 



Approximately . 50% of patients with atypical angina v/ill 
be found to have coronary disease. 


The likelihood ratio relates sensitivity and 
specificity and weighs the diagnos ticity of an abnormal 
and normal test. Using average figures for exercise 
testing of 70% sensitivity and 90% specificity, the like- 
lihood ratios of an abnormal and normal test are : 


Likelihood ratio _ Sensitivity _ 0.70 

(abnormal test) 1-specificity 0.10 


Likelihood ratio _ Specificity _ 0.90 

(Normal test) 1-sensitivity 0.30 


The patients with atypical angina, in general has 
a 50% chance of having angiographic coronary disease. But, 
vith an ischemic exercise response, this probability 
increases to 88%, while a normal treadmill test reduces it 
to 25%. In the asymptomatic subjects, a negative exercise 
test reduces the probability of an individual having 
coronary disease to 4%, while an ischemic S-T response 
increase the probability to 44%. 


TABLE II 


Clinical 

presentation 

Pre-test 

odds/ 

Prob, 

Positive test 
post test 
. odds/pr.ob . • 

Positive test 
post test 
Odds /Prob. 

Typical Angina 

9 j 1/90% 

63:1/98% 

9:3/75% 

Atypical Angina " 

1:1/50% 

7:1/88% 

1:3/25% 

Asymptomatic 

1:9/10% 

7:9/44% 

1:27/4% 




Although these concepts are theoretical/ they do 
serve as a guidelines for assessing S-T change with exercise 
Coronary lesions, considered critical on an anatomic basis, 
consist of left main and left main equivalent (proximal left 
anterior descending and circumflex lesions), triple vessel, 
and proximal left anterior descending disease. There is 
some evidence that exercise testing-may help to identify 
patients with these critical lesions by finding markedly 
positive test. 

TREADMILL TEST F.SSPOMSSS COMSIDSRED TO HAVE PREDICTIVE 
IMPORTANCE FOR ARTERIOGKAPHICALLY DOCUMENTED SEVERE, 
MULTI-VESSEL AND/OR LEFT MAIN CORONARY ARTERY DISEASE. 

ELECTROCARDIOGRAPHIC CRITERIA 

- S-T segment response : ' 

. Down sloping. 

. Elevation (in the absence of myocardial infarction). 

.S-T segment depression e:xceeqing 2 mm. 

- Serious ventricular dysrhythmias occurring at low 
(120-13U/minutes) heart rate. 

- Early onset (first 3 minutes) of ischemic S-T segment 
depression or elevation. 

-Prolonged duration ( J6 minutes) in the post exercise 
recovery period of ischemic S-T segment depression. 

NON-ELECTROCARuIOGRAPHIC CRITERIA 

- Low achievea heart rate ( / 120/pinute) . 

- Hypotension ( ^10 nro Hg rise in systolic pressure at 
any time auring the test) » 
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Rise in diastolic blood pressure (^110-120 mm H§) . 

- Low achieved rate pressure product ( ^15,000). 

Inability to exercise beyond 3 minutes. 

Table III describes the S-T segment response of 
individuals with known left main coronary disease. In 
three studies 100% of patients had S~T segment depression 
equal to or greater than 2 mm. In contrast, Ellestad 
found only 67% of such patients with 2mm or more S~T 
depression and 20% with negative tests. In a study of 57 
patients, with greater than 50% left main obstruction Salem 
et al (1978) found that 89% had ischemic S-T depression and 
in 70% the S-T depression was greater than 2 mm. Further- 
more, of 23 patients with left main obstruction greater 
than 75%, 19(83%) had greater than 2 mm S-T depression. 

TABLE III 

Incidence (%) of 2 mm or greater S-T depression in 

subjects with left main or left main equivalent 
■'disease from five studies. 


Kleiner et al (1976) 

100% 

Cheitlin et al (1975) 

100% 

Levitas et al (1976) 

100% 

Ellestad et al (1975) 

67% 

Salem etal (1978) 

70% 


As important as the degree of S-T depression is 

the time of onset of ischemic electrocardiographic changes 

■ (' ■ ^ ■' ■ ■ ■ ■ 

and the workload and heart rate at which these occur. 

Functional (J. poi|it) depressionj is a frequent 
ECG finding during graded exercise testing and is often 
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a precursor to horizontal or downsloping S-T segment 
experimentally/ Case et al (1969) demonstrated that in early 
myocardial ischemia/ the onset of anaerobic metabolism is 
manifested first by J. point depression and is followed 
later by S-T depression. When the S-T response is limited 
to J. point depression, it is generally interpreted as 
normal finding. Mattingly et al(1957) found increased 
mortality rates in a group with J. point depression when 
compared with a group without J point depression, but a 
lesser mortality than in those who manifested horizontal 
or downsloping S-T depression, 

Kurita et al (1977) evaluated the relationship of 
isolated junction StT depression, induced during treadmill 
exercise testing, with coronary angiographic findings in 
230 patients. Of 75 patients with junctional depression of 
less than 1,5 mm, only 10 had 50% or greater stenosis of at 
least one major coronary artery (predictive value of a 
negative test is 87%). It is noteworthy that only two 
patients had multivessel disease® 42 patients had junct- 
tional depression of 1.5 mm or more. Of these, 23 had 
significant stenosis (predictive accuracy of 55%) and 12 
of that group had multivessel disease. 

Aside from the depth of junctional s-T depression, 
attention to the S-T slope may prove important in improving 
sensitivity, specificity and predictive value of the test. 
Stuart and El lest ad (1976) followed 438 patients for a year 
and found a, similar mortality in 230 subjects ^v’ith 2 mari 


horizontal, depression, as compared with 124 subjects with 
a slowly upsloping S-T segment (defined as 2 mm or more 
depression 80 m sec after the J point). These two groups 
also had the same incidence of tv;o or three vessel disease. , 
Kurita et al (1977) found that 94% of 35 patients with this 
type of response (slowly upsloping S-T segment depression) 
had coronary occlusion of 50% or more and 60% _had-jnultivessel 
diseasBo In others' views, the slowly upsloping S-T segment 
and :j point depression though, are abnormal responses, but 
are not as good as indicator of CAD (lower predictive value) 
as are horizontal and downsloping S-T depression. 

Exercise S-T elevation has been reported rarely in 
individuals, apparently free of ischemic heart disease, but 
more commonly, it is associated with severe localised coronary 
artery obstruction or with left ventricular aneurysm. 

Allmami and Ellestad's (1972) patients with exercise 
S-T elevation had angiographic and/or clinical evidence of 
left ventr:^cular aneurysm. However, over half of their 
patients with angiographically documented aneurysm did not 
develop S-T elevation. The failure to produce S-T elevation 
in the presence of known ventricular aneurysm may, therefore, 
indicate additional ischaemia, and the absence of S-T depre- 
ssion in an individual with known coronary disease may raise 
the suspicion of an underlying ventricular aneurysm. 

Chahine and co-workers (1976) reported a 86% inci- 
dence of left ventricular . dyskinesis. or aneurysm in their 
patients who developed S-T elevation with exercise. They too 
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felt, that exercise s-T elevation is related more to the 
wall motion abnormality than to myocardial ischemia, per se. 

In contrast, Portium and Pries inger and Heege et 
al (1970) reported that exercise S-T elevation was a mani- 
festation of severe myocardial ischemia. Streuss and 
co-workers (1975) supported the theory that in the absence 
of previous ...myocardial infarction, severe ischemia alone 
can produce S-T segment elevation. A theory classifying 
the aneurysm-versus-rischemia controversy was presented by 
Haist. It was his opinion that S-T elevation was likely 
to result from a wall motion abnormality, whenever it 
occurred in the absence of reciprocal S-T segment depression 
and remained localised to EGG leads subtending the infarcted 
area. In contrast, he felt that S-T elevation was more likely 
to result from left ventricular dysfunction and/or myocardial 
ischemia when reciprocal S-T depression was present. 

The- leads in which .S-T segment depression occur 
are poor predictors of the anatomic location of myocardial 
ischemia. However, s-T segment elevation seems to be a 

fairly good localizer of the site of coronary stenosis 
(Ekmekcl et al, 1961). 

, R_ WAVE amplitude rPMra\ 

^ demonstrated in 1956 that because of the 

radial orientation of left ventricular '.electromechani cal 
forces, R wave amplitude was proportional, to left ventri- 
,Gu-lar volume. Mondach 'et al (1971) confirmed the Brody 


hypothesis in 1971. ’ With the Brody hypothesis, it might 
he reasoned that exercise in normal subjects could result 
in an increase in stroke volume, resulting in a decrease 
left ventricular volume and a decrease in R wave amplitudeo 
In contrast, subjects v/ith coronary artery disease 
particularly those with impaired left ventricular 
function, might shov? the opposite effect. 

Bororis et al (1978) undertook several studies to 
assess the value of R wave amplitude changes during tread- 
mill testing. They found that the group of patients with 
decreased RWA after exercise had less severe coronary artery 
disease and fev/er wall motion abnormalities. With the 
condition of RWA assessment, the overal sensitivity was 
increased from 48 to 63%, and specificity from 59 to 79%. 
Gillespie et al (1978) studied 75 subjects with bicycle 
ergometry and coronary angiography. They found that the 
sensitivity for S-T change alone was 64%. The heart rate 
at which RWA changes occur may also be a consideration. 
Greenberg and Ellestad (1979) alluded to some preliminary 
information that would suggest that in normals the R wave 
increases until the patient reaches a heart rate of 120- 
130, at which point it begins to decrease, suggesting that 
measurements would have less significance in patients who 
stop early in the protocol before their heart rates reach 
a significant level. 


T WAVS VECTOR 


Aravindaksnan et al '(1977) evaluated the results 
of submaximal exercise tests in two groups of patients 
with T wave abnormalities. Group I consisted of patients 
with documented ischemic heart disease and group II 
consisted 28 individuals in v;hom ischemic heart disease 
appeared unlikely, T wave normalization occurred 
frequently in both groups and was unrelated to changes 
in the S-T segment. S-T segment changes occurred in 88% 
of the patients with ischemic diseases and in only 4% of 
group II subjects indicating that the S-T segment response 
to exercise was not influenced by the T wave vector. Thus, 
T wave normalization is thought to be independent of S-T 
segment changes and does not increase the incidence of 
false negative response in individuals with ischemic 
disease or false positive responses in individuals without 
disease. The appearance of isolated T wave inversion is 
of no diagnostic significance as it is commonly seen in 
patients without disease. 

U WAVE 

Exercise induced U wave inversion in patients 
with a normal resting ECG and in the absence of left 
ventricular hypertrophy strongly suggest myocardial 
ischemia. This BCG repolarization phenomenon may occur 
in the absence of S-T segment abnormalities and is usually 
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indicative of a significant stenosis of the left anterior 
descending coronary artery. The U wave inversion is ; 
difficult to detect during exercise especially at high 
heart rates, and often becomes apparent in the 
immediate recovery period when the heart rate is s levying. 


VENTRICULAR ARRHYTHMIAS 

Most studies have shown a greater incidence of 
exercise induced- ventricular _ dysrhythmias in patients ^^rith 
CAD compared with normal subjects. Exercise related 
ventricular arrhytnmias occur in 11% to 40% of normal and 
20% to 72% of individual with coronary artery disease* 
thus limiting the usefulness of this variable in distin- 
guishing those with and without coronary disease. The 
occurrence of complex ventricular arrhytmia as multifocal 
and too frequent VPC's coupletes, Ron T phenomenon and 
ventricular tachycardia with exercise has been said to be 
associated more often with coronary disease than without. 

Me Henry et al (1976) observed exercise induced ventricular 
tachycardia only in subject with coronary disease. 

Some investigators have indicated that the 
occurrence of S-T segment changes or exercise induced chest 
pain and ventricular ectopics result in a greater predic- 
tive value for multivessel disease and might also be an 
indicator for a grave prognosis. He Ifant et al (1974) 
studied 20 patients with coronary disease, a 2 ' mm or 
greater S-T depression, and exercise induced ^ 





'B'jelve of the group had triple vessel disease and six had 
doixble vessel disease. Anderson et al (1972) found no 
improvement in predictive value of the exercise test when 
dysrnythmias in conjunction v/ith the S-T segment changes 
were utilised in tne determination of a positive test. 

Another feature relating exercise induced ’'/PBS and 
coronary disease and multi vessel disease is the occurrence 
of arrnytnmia at low heart rates during exercise. Me Henry 
et al (1976) observed that in patients with coronary 
disease/ VPBs were much more likely to appear at heart 
rates below 150 beats per minutes. In a follow up study 
of 197 symptomatic patients with angiographically proved 
CAD. Me Henry et al found that 53 of 57 patients who 
demonstrated exercise induced ventricular arrhythmia did 
so at a heart rate of 130 beats per minute or less. 

The occurrence of ventricular arrhythmias with 
exercise has been attributed to increased sympathetic tone, 
increased myocardial oxygen demand, or a combination of the 
two. Ventricular premature beats, particularly early cycle 
VPBs, ventricular tachycardia, ventricular fibrillation are 
consistently found at the inception of acute myocardial 
ischemia. In the patients with CAD, exercise may induce 
ischemic changes, thereby provoking ventricular arrhythmias 
and indeed this experimental evidence is used to support 
the theory that exercise induced ventricular ectopy may^^^^^^^^^^^^^^^^ 
represent' an ‘ischemic equivalent'. 




NON £CG RESPONSES 
ANGI2SIA 

The significance of angina during stress testing 
has been evaluated by Weiner et al (1976) who reviewed the 
records of 281 patients undergoing coronary angiography 
and exercise testing and grouped them according to whether 
they had ischemic S-T segment changes and / or anginal 
chest pain during exercise testing. 


TABLE IV 

Comparison of exercise S-T depression 
and exercise angina in the diagnosis 
of CAD muitivessel disease (MVC) . . 

+ ECG + EA 76 91 


ECG - EA 

85 

65 

76 76 

ECG + EA 

40 

72 

72 

ECG - EA 

80 

35 

60 


Indeed, the probability of coronary disease is 
the Same whether exercise induced angina occurs without 
ischemic S-T changes or S-T changes occur without angina. 

Cole and Ellestad (1978) also assessed the 
significance of chest pain during treadmill exercise and 
found that coronary events were twice as frequent in 
siibjects with angina and S-T segment depression as in 
those with S-T depression aloneo The incidence of coronary 
events was more than twicpe as great when the angina was 


mVD 

(%) 

93 



induced by light work load (4 METS) . Additionally, if 
the occurrence of angina during exercise testing v;as utir- 
lized as a positive test, the sensitivity for angiographic 
coronary disease increased from 64% (when ischemic S-T 
changes were the only criterion for positivity) to 85% when 
angina occurred during testing. 

It has been- amply demonstrated that true angina 

is fairly reproducible in a given person at the same 
heart rate blood pressure, product (Double product) . Thus, 
if chest pain is reproduced at the same double product, 
it is likely to an angina. 

ADEQUATE HEART RATE RESPONSE 

Chronotropic incompetence is a term coined by 
Eilestad and Evan. They aefined chronotropic incompetence 
as any heart rate response below the 95% confidence limits 
of their protocol, adjusted for age and sex. In following 
a group of individuals with this abnormal heart rate 
response, they observed some coronary event in 15% per year 
Although it is difficult to generalize expected heart rates 
for given work load because of the many variabl^ involved, 
a general rule is that the heart rate should increase in 
the order of five to ten beats per minute per MET. The 
limits of chronotropic incompetence remain difficult to 
define, ov/ing to many variables involved, in its most ■ 
advanced form (failure of heart rate to increase 'at all or 
when small heart rate increases are associated with other 



manifestation of left ventricular impairment or severe 
coronary disease .e.g. hypotension or gallop) , chrono- 
tropic incompetence is probably a good indicator of severe 
left 'ventricular disease. < , 


INADEQUATE BLOOD PRESSURE RESPONSE 

The ejipected blooa pressure response to exercise 
is an incremental rise in systolic pressure, with no change 
or a slight fall in diastolic pressure, a pnenomenon 
repeatedly documented despite the inaccuracies inherent 
in recording cufr blooa pressure (particularly diastolic 
pressure) during exercise. Several studies have demons- 
trated a mean systolic pressxare increase of 7.5 mm Kg per 
MET (range 5-12) o The amount of increase is age related 
and is more marked in older age groups. 

A small but significant number of patients 
undergoing treadmill exercise develops hypotension either 
as an isolated abnormal finding or associated with S-T 
segment depression and/or angina. Recognition of this 
hypotensive response is important not only for the safe 
conduct of the test, but because the value of this sign 
as a predictor of critical narrowing of the coronary 
arteries has been suggested by a number of reports. 
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ABNORMAL EXERCISE BLOOD PRESSURE (Ab BP) 

TABLE V 


Sensitivity and specificity for left 
main disease and triple vessel disease. 


Study 

No, 

Sens iti vity (%) 

Specif icity(%) 

Thompson et al 

15 

93 

- 

Morris et al 

25 

60 

99 

Pontius et al 

72 

54 

90 


Usually, exertional hypotension is accompanied 
hy other indicators of severe coronary disease, such as 
early marked S-T depression or chronotropic incompetence, 

OTHER CRITERIA 

Less than 10 mm Hg increase in systolic blood 
pressure, failure to achieve a peak systolic pressure 
of 140 mm Hg during exercise. 

FALSE P03ITIVS AND FALSE NEGATIVE SCO EXERCISE TEST 

Recognition of causes of "False Positive" ECG 
S-T segment alterations during exercise is of utmost 
importance in order to avoid misinterpreting an abnormal 
test. Ischemic appearing ST-T wave abnormalities occurring 
during hyperventilation may lead to a mistaken diagnosis of 
exercise induced myocardial ischemia due to coronary disease. 
Such ST-T changes occur in 2 to 4% of patients undergoing 
treadmill testing, with a particularly high prevalence in 
women with mitral valve prolapse. Patients having hyper- 
ventilation induced S-T abnormalities, who develop similar 
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abnormalities during exercise should not be considered 
having coronary artery disease (unless- the pretest proba- 
bility of disease v;as high). A second large category of 
patients in whom "False positive” EGG S-T segment abnorma- 
lities occur are those in whom 1 s ft ventricular depolari- 
zation and thus also repolarisation, is abnormal. This 
group consists of patients with left ventricular hyper- . 
trophy, left sided intraventricular conduction delay, and 
Wolf -Parkinson-White (WPW) syndrome. The exercise EGG is 
unreliable in patients receiving digitalis unless the S-T 
segment response is perfectly normal when the test can be 
labelled negative with certainity. Patients who have 
abnormal EGGs at rest have been reported to show a false 
positive exercise test over 50% of the time, an observation 
that probably reflects insufficiently rigorous EGG criteria 
for the diagnosis of ischemia. Patients with vaso-regula- 
tory abnormalities who often manifest tachycardia, abnormal 
supine and/or standing blood pressures, the labile ST-T 
wave that change with body position and hyperventilation, 
may have markedly abnormal stress EGGs even without GAD. 

S-T segment response normalizes with continued exercise in 
these individuals. 

OTHER factors WHIGH MAY CAUSE A 
FALSE POSITIVE EICERCISK BCG TEST 

Drugs s Digitalis, Diuretics, antidepressant drugs. 


sedatives and estrogen 
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Cardiac disorders: Cardiomyopathy^ myocarditis. Pericar- 
ditis, Rheumatic heart disease. Hypertensive 
heart aisease. 

Hypokalemia: 

FACTORS WHICH MAY CAUSK FALSE NEGATIVE EXERCISE ECG TEST 
Drugs :, Propranolol, Nitroglycerine, and other antianginai 
drugs,. Procainamide, Quinidine, Phenothiazine, 

Coronary heart disease : Old myocardial infarction (due to 
cancellation of opposing vector), proven angina 
pectoris (especially single vessel disease). 
Inadequate exercise : 

Left axis deviation, left anterior hemiblock : 

MULTIVARIATE INTERPRETATION OF STRESS TEST 

Recently attempts have been made to improve the 
diagnostic accuracy of the treadmill test by employing the 
techniques of multivariate analysis. Such variables, alone 
and/or in combination might include age, sex, cholesterol, 
HDL, exercise induced angina, specific ECG S-T segment 
criteria for ischemia and the time of their occurrence, 
blood pressure response, achieved heart rate, double product 
at peak exercise, exercise duration, symptoms, character of 
arrhythmia, R wave amplitude and many others. This approach 
has focussed the- clinicians ' attention to the total exercise 

response rather than just the electrocardiographic changes 

■| ' ' 

in the evaluation of patient with chest pain. 
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AIMS 0 F S T .U 


1. To find out the incidence of cardiovascular involvement 

in the form of in patients of Diabetes Me Hi tus. 

2. Evaluation of chest pain : 

a. In those diabetic patients v/ho have effort angina. 

b. In those who have atypical chest pain which is 
probably of ischemic origin„ 

c. In those who have atypical chest pain which is 
probably of non-ischemic origin. 


3. A 


^sessment of effort tolerance and to prescribe guide 


lines for exercise in natient 


s of Diabetes Mel litus-. 
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MATERIAL ANH D METHOD S | 



The present study was conducted in the departirient 
of Medicine, M.L.B. Medical College, Hospital, Jhensi from 
June, 1990 to August, 1991. The treadmill stress ECG Room, i 

where this study v/as performed, v;as fully equipped with ! 

Treadmill Stress test system, monitor-defibrillator and ^ 

emergency drugs for management of any complication during 
exercise. To maintain comfortable temperature and humidity 
inside the room, two airconditioners of 1.5 tons each v;ere 
•installed with airtight doors and windows. 

TREADMILL STRESS TEST SYSTEM 

This system built by Eaton Medical Group, 

Michigan, U.S.A., included foilox^ring parts : 

1. Health track II Treadmill. 

2. HT-7 Controller. 

3o G-7000 automatic full disclosure monitor. 

A. Health Track II Treadmill 

Belt speed range ; loO to lOoO MPH. 

(1.6 to 16ol KPM) 

Grade range OoO to 25% 

Patient weight capacity : 375 lbs 

Nominal walking .surface : 18" x 18" 

Walking surface height s 5,5" 

Overall weight : 365 lbs, 

Operatingjtemperature : , 50 to 9d°P (10 to 35°c) . 


Operating humidity • 15-92% 

Power requirement — 12u VAC 60 Ms at 20 Amp nominal 

A servo control voltage stabilizer was used to maintain 

steady pov;er supply. 

Treadmill could be operated by either HT-7 
programmable controller or Treadmill controller fixed on 
front hand rail or monitor which was kept along the side 
of treadmill. I operated treadmill v/ith the programmable 
automatic . G-7000 monitor using pre-recorded modified 
Bruce protocol on a floppy disc. 

HT-7 CONTROLLER 

This controller displays several read outs - 
speed, grade, time, distance and a message. This can be 
operated with tv/o modes - manual and protocol. Beside 
either speed or grade, are the 'UP/DOWN * button that allow 
changes in the manual mode. By pressing the buttons, ‘ 
speed or grade can either be increased or decreased in 
present single step increments. By using protocol, speed 
and grade are automatically changed accordingly. This 
controller performs all operations except starting and 
stopping the treadmill. I used this controller only for 
display spesed, grade, •time and distance, 

G-7 QUO AUTOMATIC FULL DISCLOSURE MONITOR 

The G-7000 is designed to operate with the 
health track-II treadmill. The system operates either on 
manual or protocol mode, I made modified Bruce protocol 



disk to operate it. There are two centres for performing 
functions, the keyboard and the keypad. 

THE KEY BOARD 

The keyboard is used to type patients' informa- 
tion and to move the cursor into key field positions. The 
return Key ( ^ — I) ^is used to move the cursor forward 
(clockwise) . The back space key ( ^ — ) moves the cursor 
backward (Counter-clockwise), While typing information 
in the patients' information area, the back space }<ey 
erases information. 
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THE KEY PAD 

The functions are clearly labelled on each key. 
An audible tone indicates that a function key is properly 
deoressed. 



Eaton. Me&ical Gfoup 



QD 

CD 


CDeCD® 
QD® CDd] 

DOOO 


h 



^ — 
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KEY PAD 


FUNCTIONS 


G-7000 system functions are initiated by using 
a combination of keyboard and the key pad. Active func- 
tions are accomplished by using the keypad. Informative 
functions are generally accomplished by using the key 
board. 


PATIENT ■ INFORMATION ' 'ENTRY 

By using cursors, patient's aata were entered 
in information area consisting of 3 lines, having space 
for ^ 34 letters . Department of MediccLne, M.L.B. Medicar 



College, Jhansi was entered in first line and patient’s 
name, age, sex, symptoms, risk factors and other comments 
in 2nd and 3rd lines. Line IV has space for 15 letters, 
■fhe 15 characters that v;ere typed in this area are stored 
periodically. This area of last line was utilized to 
type in blood pressure during the test. 


EGG TRACE DISPLAY 


The monitor displays four ECG traces. Traces 
one, two and three display preselected leads. Leads Vg, 

II and VI were selected for first three traces, the bottom 
trace is a 2 <,5 second continuous rotation in 12 leads. 

HEART RATE DISPLAY 

The heart rate is displayed in the upper right 
corner of the monitor. The heart rate is updated every 
six seconds and is calculated from the ECG trace at the 
top of the monitor (trace one), I used V^ lead for heart 
rate display. If R wave in V^ was too small to give 
enough signal for displaying heart rate, an alternative 
appropriate lead was shifted to trace position to obtain 
heart rate display. 


S-T MEASXjfREMENTS 


The S-T measurements were monitored continuously 
and were updated every six seconds. They were calculated 
from the trace at the top of the monitor (V^) , There are 


three method 


s used to calculate the S-T measurements. 
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Method used in this study calculates the 'J point' by 
measuring a percentage of R-R interval. This is displayed 
on the monitor as 'PCT 12 A*. This means the ‘J point' is 
set at 12% of the R-R interval. I measured S-T segment 
directly from paper tracing. 

OPERATION MODE SEIaSCTION 

I used protocol mode by using modified Bruce 
protocol disk. Stress test is automatically controlled by 
touching "load protocol" on keypad. To start the test, 
"Pause timer" is touched after mounting the patient on the 
treadmill. 

12 LEAD RECORDINGS 

At the end of every stage 12 leads are auto- 
matically recorded. 12 lead recording can be obtained 
at any time by touching 12 lead pn the keypad. 

3 EEAD RECORDINGS 

Three lead recording of the three traces on ^ 
the monitor can be generated by touching *3 lead' on 




PROTOCOL 

USED : 

Modif 

ied Bruce 

Protocol 
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(Pre- 

recorded 

disc) 

■ 

Stage 

Speed ,, 
(KPH) 

Grade 

(%) 

Duration l^ETS 
(min.) (Unit) 

Total time 

elapsed (min. ) 

0 

1.7 

0 

3 

1.5 

3 

1 

2.8 

5 

3 

2o5 

6 

2 

2.8 

10 

'Y 

5.0 

9 

3 

4.1 

12 

3 

7.0 

12 

4 

5.5 

14 

3 

10.0 

, 

15 

,5 

6.7 

16 

3 

13o0 

1 

18 

6 

8.0 

18 

3 

16.0 

I 

21 

7 

8.8 

20 

3 

19.0 

24 1 

PJE 

1.7 

0 

5 

- 

i 


Pollov;ing equipments were available^ in the 
exercise room. 

Necessary for test 
lo Stethoscope. 

2, Sphygmomanometer. 

3, Disposable EOi electrodes. 

4, Patient's bed and pillow. 

5, Loose gown and pyzama of different size. 

6, Light weight shoes of different size. 

7o Adhesive tape, shaving rajor and blade, *0' number 
sand paper, cotton, guage, sprit, s avion, tincture 


Benzoin. 
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necessary for dealing any Emergency 

Ic D.C. defibrillator (both rechargeable battery-cum- 
mains operation) 


2o External demand pacemaker .ana pacemaker electrodes. 

3. Ventimask/ 0 ^ cylinder, 

* 

4. Cut aown tray v/ith disposable syringe and needles 


I.V. sets, I.V. stand. Intracardiac’ needles. 


Drugs 


I/V fluids 5% dextrose 

Inj. Amioderone, 

Inj. Aminophyllin 

Inj, Isoptin 

Inj . Lanoxin 

Inj, Epsolin 

Inj. Lasix 

Inj. Dexona shock pack 

Inj . Lignocaine 

Inj . Kesol 

Inj. Mexiletine 

Inj . Sodabicarb 

Inj . Pethidine 

Inj. CaCl 2 

Inj, Nor-adrenaline 

Inj. Atropine 

Inj. Phenargan 

Inj. Adrenaline 

Inj , Dopamine 

Inj . Alupent 

Inj, Urokinase - 2 vials 

Inj . Mephentine 

were kept always in 
ICCU(2,50, 000 and 

Inj. Amrinone. 


5, 00, 000 Units) . 
SOURCE OF patients 


The subjects for treadmill testing were selected 

from the patients who attended O.P.D., admitted in wards 

and referrals from other hospitals. Detailed history, 
clinical examination .and investigations ■ were completed 
under headings given in append:Lx prior to treadmill test. 
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INSTRUCTIONS TO THE PATISHTS 

Following instructions were given to the patients. 

1. The patient was told to stop consumption of drugs (if 
he was doing so) affecting the cardiovascular system 
like digitalis. Beta blockers, Ca channel blockers. 
Nitrates, tricyclic antidepressants, anti- arrhythmic 
etc. so as to avoid false positive and false negative 
results at least for 3 days. Hypertensives who had 
oeen on beta blockers/Ca channel blockers for their 
blood pressure control were asked to discontinue the 
same and if they needed antihypertensive drugs, they 
were preferably kept on drugs which were supposed not 
to interfere with Treadmill test like methyldopa or 
ACE inhibitors , On doing so if the patients expe- 
rienced any symptoms, they were asked to report back 
or to consult the treating doctor. 

2., Patient was asked to stop smoking and consumption of 
alcohol at least 24 hours prior to appearing for test. 

3. Patient was asked to have only a light meal 2-3 
hours before appearing for the test, 

4. Patient was instructed to report in the exercise 
room at least 1 hour prior to commencement of the 
test so as to remain well accustomed to the 
surroundings of treadmill room, 

5. He/She was encouraged to be fully relaxed. 

6. Test w’^s never performed if patient was unaccompanied 
by a major friend or family member. 



PREPARATIOM OF THE PATIENT 

To begin with,, the patient was fully explained 

, 

about the procedure of the test along with the associated 
risk (mortality and morbidity 1 in 10,000). An informed 
consent (on a typed consent form) was obtained, prior to 
the test signed by the patient or his/her attendant and 
witnessed by the physician. 

Loose fitting gown and pyzama and light weight 
shoes of proper size were given to the patient to wear. 

The quality of the recorded EGG signal is the single most 
important technical aspect of exercise electrocardiography. 
The proper choice of electrodes and skin preparation at 
the site of electrode placement insure the greatest like- 
lihood of obtaining high quality EGG records with sub- 
maximal and maximal exercise testing. In at least 10 per 
cent of patients v/ith exercise-induced ischemia the S-T 
segment abnormalities vi^ill appear only during exercise 
and excessive noice, motion artifact, or baseline drift 
may obscure the diagnostic S-T segment changes. Potentially 
dangerous exercise-induced arrhythmias may also be missed. 

Adequate skin preparation consists of first 
cleansing the sites of electrode application with ethyl 
alcohol, followed by removal of the superficial epidermal 
layer with a dental burr mounted on a high speed drill or 
by light abrasion with fine-grain sandpaper. Too vigorous 
debridement should be avoided to prevent edema formation 
and to increasej in electrical j resistance at the electrode- 


skin interface. Once the superficial epidermal layer is 
loosened, it should be v/ashed away by light cleansing 
with acetone. 

The optimal electrode is one of the silver-silver 
chloride composition. The electrode should be one centi-r 
meter in diameter or less and encased in a lightv/eight 
plastic well whic h i s two or three millimeters deep* This 
design avoids electrode contact vrith the skin and reduces 
baseline drift. 

In female subjects, the exercise BCG should be 
carried out v/ith the patient wearing an undergarment to 
support the breasts. This will prevent the motion 
artifact caused by movement of the chest electrode by 
the breasts during exercise. 

Site ; One each on right and left infraclavicular 
region, one each on right and left hypo- 
choandriac region and six on precordial region 
(V^ to Vg position) then the connectors were 
snapped to the electrodes and tied with the 
belt. Patient was instructed to have a rest ' 
comfortably in the supine position for at 
least 10 min. before the actual exercise was 
performed. 



By snapping on the buttons of electrodes it was 


ensured' that there is no shift of baseline/signifi- 
cant disturbance in the trace on the monitor. If any 
of these defects were present, the same was removed 
and was applied again after repeat skin preparation. 
Blood pressure was measured with a cuff sphygmomano- 
meter and 12 lead ECG was recorded in supine and erect 
position after hyperventilation for 3 minutes before 
starting exercise. 

Instruction was given to the patient to mount on the 

"" t' 

treadmill belt by placing both feet on the same side 

' I : 

of the platfor^, then using a skating motion with 




one foot only on the belt, with weight on the other 
foot, then step on the belt with the other foot. The 
patient was instructed to walk as normally and 
upright as possible. 

Following other instructions were also given 
to the patients ; 

1. Do not grip the hand rail hardly and use it for 
balance only. 

2. Walk with a normal gait. 

3. Walk with as long pace as possible before running. 

4. Remain toward the front of the walking surface. 

5. Do not look at his/her feet, keep his/her head up. 

Each patient performed a treadmill exercise 
test by the modified Bruce protocol. 

The electrocardiogram was monitored continuously 
by 3 lead system (V^/ H/ V^) and 12 leads ECG was 
recorded, at each, stage, at the onset -of S-T segment 
depression, .at peak exercise and at regular interval 
after exercise (recovery period) with the patient supine 
until symptoms and/or S-T change was resolved or for a 
minimum of 5 minutes . 

The patients were instructed to exercise until 
limited by symptoms of fatigue or increasing chest pain. 

The cfiteria of termination of treadmill test 


were as follov/s : 

1. Patient's request (inspite of motivation) 



In each patient the following exercise 
parameters were recorded for interpretation. 


Resting ECG. 

Total grade achieved. 




Total duration of exercise. 

- The presence or absence of typical ischemic chest pain. 

- The time of onset of S-T segment depression ( ^1 mm). 

- The heart rate at the onset of S-T segment depression. 
The maximum depth and its persistence after exercise. 

- The maximal heart rate achieved. 

- The blood pressure at peak exercise. 

The change in B.p. from rest to this point. 

- The product of heart rate and systolic blood 
pressure at peak exercise. 

- The R Wave amplitude. 

Cardiac arrhythmias and its nature. 

- Total duration of recovery, duration of persistence 
of S-T segment depression, chest pain, ventricular, 
arrhythmias during recovery. 

- Signs of left ventricular dysfunction. 

Functional aerobic impairment. 

- Total METS at peak exercise. 

- Maximum VO^ . 

According to onset of S-T depression, its depth, 
and persistence during recovery period. Treadmill test 
were considered to be strongly, mpdepately or mildly 
positive for myocardial ischemia. 

Following TMT responses were considered to 
have predictive import for angiographically documented 
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severe, multivessel and/or left main coronary artery 
disease (sii;rongly positive test) . 

1. S-T segment depression more than 2 mm. 

2. Early onset (first 3 minutes) of ischemia S-T 
depression ( 7 1 nm) . 

3. Prolonged duration ( 7 8 minutes) in the post 

exercise recovery period of ischemic S-T segment 


depression. 
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OBSERVATIONS 


The present Study entitled "Evaluation of 
cardiovascular status of diabetic patients by stress 
streadmill EGG test" v/as performed in the department of 
Medicine, M.L.3. Medical College, Jhansi, (UP) INDIA. 

Sixty eight subjects v/ere selected for this 
study vrho underv;ent treadmill testing. Four patients 
could not achieve age predicted target heart rate and the 
test was terminated prematurely in these subjects because 
of exhaustion. In sixty four patients multivariate analysis 
of exercise electrocardiography and non electrocardiographic 
changes was done and following results were observed. 

The distribution of subjects in different age 
groups is shovm in figxire 1. Eight (12.5%) patients were 
under forty years of age and included four males and cour 
females. "B^enty six (40,. 62%) patients belonged to fifth 
decade and included six females and twenty males. In 
sixth decade there were twenty (31.25%) patients, all 
males. Ten (15.64%) were over sixty years of age and this 
group included eight males and two females. The youngest 
patient was forty three years old and the oldest was of 
sixty five years. 

In this study, out of sixty four patients, fifty 
two (81.25%) were male and twelve (18.75%) were female 
patients, Bius male to female ratio was 4.3 s 1 ( Figure 2) . 


NO. OF PATl tN I b 


DIST RlBUTtONof SUBJECTS IN DIFFERENT 



AGE GROUPS (yrs^ 
FIGURE ONE. 


i J\ ) N =52 males 

N =1 2 Females 

Pie diagram showingMALE- 
FEMALE ratio 
FIGURE TWO. 
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The overall sex distribution in different age groups 
is shown in table 1. 

TAB.I£ 1 

Distribution of subjects according to their age .and. sex* 

Age groups 
(years) 

Male 

Female 

Total 

Percentage 

Z 40 

4 

4 

8 

12.50 

41 - 50 

20 

6 

26 

40,62 

51 - 60 

20 

- 

20 

31.25 

760 

8 

2 

10 

15.64 

TOTAL 

52 

12 

64 

100.00 



TABLE 2 



Distribution of siobjects in different NYHA classes. 

NYHA class* 


No. of cases 


Percentage 

I 


42 


65.62 

■ -TI 


19 


29.69 

III 


3 


4.69 

TOTAL 


64 


100.00 


* There was no case from class IV, 


Out of sixty four cases, forty two (65.62%) 
belonged to NYHA class 1/ nineteen (29.69%) to class II 
and three (4.69%) to class III. There was no patient in 

class IV of NYHA{ Table 2)_. , 

1 Among all sixty four patients, forty nine ,, i 
patientsi had normal resting- twelve lead electrocardiogram# 

. I ■■ -I 




Eleven patients had non specific ST-T changes and one 
patient had 1 mm S~T depression which persisted through- 
out the exercise period. Two patients had ventricular 
ectopics in their SCGs. 

Out of sixty four patients, forty one had one 
or more coronary risk factors viz. systemic hypertension, 
in twenty four (37.50%), smoking in nineteen (29.68%), ^ 

obesity in eight (12,5%), family history of premature 
CAD in nine (14.06%) and hyperlipidemia in eighteen 
(28,13%). Twenty three patients were without any coronary 
risk factors. The incidence of coronary artery disease 
was found higher in those who had one or more coronary 
risk factors as compared to the patients without these 
(Table 3) . 


TABLE 3 

Distribution of suojects in relation 
with coronary risk factors. 


Risk factors 

No, of 
cases 

Percentage 

Systemic hypertension 

24 

37.50 

Smoking 

19 

29.68 

Family history of 
premature CAD 

9 

14.06 

Obesity 

8 

. 12.50 

Hyperlipidemia "* 

18 

28,13 


Note ; In some suojects more than one risk factor was 

. present while in others, there was no risk factor. 



TABIE 4 


Relationship of duration of diabetes with positivity of 
treadmill test. 


Duration of 
diabetes 
(years ) 

Total 
No. of 
cases 


Treadmill uositive cases , 

1 mm 

1.5 mm 

72 mm 

Total 

Perce- 

ntage 

Z 5 

16 

4 

2 

4 

10 

62.50 

5 - 10 

29 

3 

6 

14 

23 

74.31 

7io 

19 

5 

4 

8 

17 

89 . 47 


All sixty four patients who participated in 
the test were classified in three groups according to 
the duration of diabetes. Group one included the patients 
who were diabetic for less than five years. This group 
included sixteen patients and ten (62.50%) were found 
to have ischemic heart disease. Group two included 
those diabetics who had it upto 10 years and comprised 
of 29 patients including 23(74.31%) TMT positive cases. 
Those patients who had diabetes for more than 10 years 
were included in group three and comprised of nineteen 
patients. Out of which seventeen (89.47%) were positive 


for TMT 


TABLE 5 


Distribution of sxibjects in different 
resting heart rate groups. 


Resting HR/minute 


NOoOf Cases 

Percentage 

/ 70 


14 

21.83 

71 ~ 80 


12 

18.75 

81-90 


14 

21.88 

91 - 100 


12 

18.75 

7 100 


12 

.18.75 

Table 5 shows 

the distrioution of subjects in 

various ranges of resting heart rate. It 

was found that 

patients who had higher 

resting heart rates included 

majority of females 

and 

had an element of 

anxiety. 


TABLE 6 


Distribution 
resting blood 

of s\±ijects in aifferent 
pressure groups. 

Resting systolic 
B.P. (mm Hg) 


No. of 
cases 

Percentage 

7^20 


2 

3.13 

121 - 130 


12 

18.75 

131-140 


14 

• 21.87 

141-150 


24 

37,50 

7 150 


12 

' 18.75 


Tabid 6 shows the clistribution of resting blood 
pressur'e, ■ O'nlM two patients jiad resting systolic B.P. 




less than 120 mm Hg, while twelve had higher than 150 
mm Hg . 

All sixty four patients were classified in 
three study groups according to the nature of chest pain. 
Group I comprised of those subjects having history of 
typical angina. Group II comprised of those subjects 
who had atypical chest pain probably o f ischemic origin. 
Group III included patients who had atypical- chest pain 
probably of non ischemic - origin. Presence or absence of 
risk factors, favo\u:able age, sex etc were considered as 
criteria for the probability of pain to be ischemic or 
non ischemic origin. 

Group I included twelve (18.75%), group II 
sixteen (25%) and group III thirty six (56.25%) patients 
as sho'wn in table 7. 


TABLE 7 

Showing the distribution of siibjects 
in three study groups. 


Study groups 

Male 

Female 

Total 

No. (%) 

No. (%) 

No. (%) 

Typical chest pain 
suggestive of Angina 
pectoris 

8(12,50) 

4(6.25) 

12 (18. ' 75 ) 

Atypical chest pain 
probably of I.O. 

16(25.00) 

- 

16(25.00) 

Atypical chest pain 
probably w . I , 0 . ' 

30(46.87) 

6(9.37) 

36(56.25) 

TOTAL 

54(84.37) 

10(15.62) 

64(100.0) 


: et; 

j 

Out of sixty four patients, fifty (78,13%) 
had positive T.M.T. test and in fourteen (21.87%) .. 
T.M.T. test was negative. Among those who had positive 
test, tv7enty six (40.63%) had S-T segment depression 
of two mm or more. Twelve (18o75%) had 1,5 mm S-T 
segment depression and 1 mm S-T depression was observed 
in twelve (18.75%) patients only. 

TABLE 8 


Distribution of S-T segment shift 
among TMT positive subjects. 


:-T 

change 


No. of 
cases 

Percentage 

7 2 

mm S-T 

depression 

26 

40.63 

,.5 

mm S-T 

depression 

12 

18o75 

1 

rnm S-T 

denression 

12 

18.75 


Out of fifty positive cases, two patients i-rere 
below the age of forty years, twenty four belonged to 
fifth decade of life, eighteen were in their sixth 
decade and six patients were beyond the age of sixty year. 

Out of fifty two male patients forty two had 
positive test (80.77%) and out of twelve females who 
were siobjected to treadmill test, eight (66,67%) had 


positive test (Table 9) 
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TABLE 9 


Distribution of TMT positive cases in 
different age/sex groups. 


Age groups 
(years) 

Total 

cases 

Male 

Female 

T,M.T. 

Male j 

Positive 
Female j 

cases 

Total 

/ 40 

6 

4 

2 

2 

- 

2 

41 - 50 

26 

20 

6 

18 

6 

24 

51-60 

22 

20 

2 

18 

- 

18 

7 60 

10 

8 

2 

4 

2 

6 

TOTAL 

64 

52 

12 

42 

8 

50 


When the magnitude of S~T segment depression 
was observed in group I (typical chest pain)/ twelve had 
S-T segment shift which was two mm or more in 8 patients# 
1.5 mm in two and' 1 mm in two patients. 

In group II (atypical chest pain probably of 
ischemic origin) fourteen had S-T segment shift which 
was two mm or more in twelve and one mm in two patients. 

In group III (atypical chest pain probably of 
non ischemic origin) twenty six had S-T segment shift 
which was two mm or more in six patients, 1,5 mm in ten 
and remaining ten also had a shift of 1 mm during 
exercise period (Table 10), 


! 






TABLE 10 


Distribution of TMT positivity in 
different study groups. 


Study groups 

No, of 
Cases 

Magnitude 

7 2 lo5 

of S- 

1 

■T degress ion 

Total % 

Typical chest pain 
suggestive of Angina 
pectoris 

12 

8 

2 

2 

12 

100.0 

Atypical chest pain 
probably of I.O. 

16 

12 


2 

14 

87.50 

Atypical chest pain 
probably of K.I.O. 

36 

6 

10 

8 

24 

72,20 

Total 

64 

26 

12 

12 

50 

86.57 


TABLE 11 


Distribution of patients in relation to 
chest pain and ST-T changes in various 
study groups. 


Study groups 

Patients having 
chest pain during 
exercise 

Patients having 
no chest pain 
during exercise 

T 

0 

T 

With ST,T 1 
changes | 

Without 

ST-T 

changes 

■ With' 1 Without 
ST-T 1 ST-T 

changes [changes 

A 

L 

Typical chest pain 11 

suggestive of angina 
pectoris 


1 


12 

Atypical chest pain 
probably of I.O. 

8 

- 

: 6 ■ / 

2: 

16 

Atypical chest pain 
probably of N. 1,0. 

7 

2 

17 

10 

36 

TOTAL 

26(14.6%) 

2(3 .1%) 

24(37.5%) 

12(18.8%)|64 


Out of sixty four patients, twenty eight (41. 8%) 


had chest pain’ during exercise. Among these twenty eight 



patients^ txirenty six (40.6%) had S-T segment depression 
while in tv/o there was no S-T depression, however, they 
achieved their age predicted heart rate. In group III 
there was seventeen patients who had S-T segment change 
without Chest pain during exercise (Table 11). 

TABLE • 12 

Distribution of other exercise variables 
among various subjects. 


Variables 

No. of 
cases 

Perce- 
ntage , 

With 

S-T 

Depression 

Without 

S-T 

Depression 

Angina 

28 

43.8 

26 

2 

Abnormal B.P. response 

12 

18.7 

10 

2 

VPC ‘ s 

3 

4.7 

3 


R wave amplitude 

7 

10.9 

7 

- 

Angina with VPC's 

3 

4.7 

3 


Angina with abnormal 
blood pressure 

10 

15o6 

10 

■ -«* 


Out of sixty four patients, twenty eight had 
angina. Ten (15.6%) had angina with abnormal B.P, response 
and all ten had S-T segment depression. Three patients had 
angina and premature ventricular contractions. Twelve 
(18.7%) had abnormal B.P. response and three (4,7%) had 
premature ventricular contractions while abnormal R wave 
response was observed in seven (10.9%) cases. 



TABLE 13 


Relation of risk factors with positivity of TMT. 


No. of risk 

Total 

Magnitude of S-T 
deoression 

Total 

+ve 

cases 

Perce- 

factors 

cases 

7 2 

mm 1.5' mm 1 mm ■ 

ntage 

0 

7 

3 

1 

4 

57ol 

1 

39 

10 

12 7 

29 

74.3 

2 

15 

10 

' 4 ■' 

14 

93.3 

3 

3 

3 

- 

3 

lOOoO 

TOTAL 

64 

26 

12 12 

50 



Out of 

sixty 

four patients, seven 

had no 

risk 


factor but four (57.1) patients had positive treadmill 
test, thirty nine patients had only one risk factor and 
of these t^^enty nine' (74.3%) had positive test, in 
fifteen patients two risk factors were present and of 
these fourteen (93o3%) had S-T segment depression, in 
three patients three risk factors were present in each 
and all turned out to be treadmill positive case. It was 
very clear from this study that chances of positivity of 
treadmill increase with increase in number of risk 
factors. 
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TABLE 14 


Relationship ot positivity of treadmill with NYHA class. 


NYHA 

class 

Total 
No. of 
cases 


T.M.'-T. Positivity 


1 mm 

1.5 mm 

7 2 mm 

Tbtal 

I 

42 

6(21.42%) 

8(28.58%) 

14(50.0%) 

28(66.67%) 

II 

19 

2(11.76%) 

4(23o52%) 

11(64.72%) 

17(89.47%) 

III 

3 

2(66.67%) 

- 

1(33.33%) 

3(ioo7o%) 

IV 

- 

- 

- 

- 



Out of forty two patients ^ who belonged to NYHA 
class 1 , twenty eight (66.67%) developed S-T segment 
depression and it was 1 mm in six cases, 1.5 mm in eight 

and 2 mm or more in fourteen cases. Nineteen cases 

% 

belonged to class II, having seventeen (39.47%) TMT posi- 
tive cases. In these patients 1 mm S-T depression was in 
two cases, 1.5 mm in 4 cases and 2 mm or more in eleven 
cases. Only three patients were in class III and all the 
three developed S-T depression in early phase of exercise. 
Out of them two had 1 mm and one had more than 2 mm S-T 
depression. There v;as no patient in class IV who 
performed exercise. 

The stage in which S-T 'depression of 1 mm or more 
was observed was specifically noted. In sixteen (32%) it 
started in stage I, in eighteen (36%) in stage II, in 
tvrelve (24%) in stage III while four (8%) reached stage IV 
V7hen S-T depression was noticed (Table 15). 


t 


TABLE is 


Distribution of onset of S— T depression in 
different stages. 


Stage 



Onset of S-T 

denression 



No. 

Percentage 

I 



16 

32o00 

II 



18 

36.00 

HI 



12 

24.00 

IV 



4 

8.00 

TOTAL 



50 

100.00 



TABLE 16 



Showing relation of positivity of 
with different stages achieved. 

treadmill 

Stage 

Duration 
(min. ) 

No. of 
cases 

TMT Positive TiMT Negative 

cases cases 

I 

Z 3 

6 

6 

: ■ 

II 

3-6 

15 

14 

1 

III 

6-9 

27 

20 

7 

IV 

9 - 12 

16 

10 

6 

TOTAL 


64 

50 

14 


Out of sixty four patients / six could perforin 
exercise upto stage I only and all had significant S-T 
segment depression. Fifteen patients could exercise upto 
stage II, Gut of whom fourteen had significant S-T 
segment depression. There were twenty seven patients who 
performed ex e;rc is e upto stage III and tvienty of them 








showed S-T shift while L. 

even achieved the age predicted 

heart rate without s—t' 

rnout s-T depression, sixteen patients 

could enter stage IV and -hon j.’ 

y and ten of tnese turned out to be 

TMT positive and six negative. 


table 17 




Distribution of 
different double 

S-T depression 
product groups 

in 

• 


Doxible 

product 

range 

NOoOf 

NOoOf 

cases 

f-% rr% 


— S-T depression 

cases 

C S-T 
depre- 
ssion 

1 

1.5 ^ 2 

Total 

+ve 

Perce- 

ntage 


20000 

8 

- 

2 

2 4 

8 

lOOoOO 

Upto 

25000 

16 

- 

2 

2 12 

16 

lOOoOO 

Upto 

30000 

18 

6 

4 

2 6 

12 

66.67 

Upto 

35000 

20 

6 

4 

6 4 

14 

70o00 

Upto 

40000 

2 

2 

- 

- 

- 

00.00 

total 

64 

14 

12 

12 26 

50 

84.17 


Out of sixty four patients, eight achieved 
double product upto 20,000 and all the eight turned out 
to be TMT positive, sixteen cases achieved double product 
upto 25,000 and all were TMT positive, eighteen cases 
achieved double product upto 30,000 out of these, twelve 
(66.67%) were positive, -.^twenty patients achieved double 
product upto 35,.000 including fourteen ( 70 %) TMT positive 
cases and two cases achieved double product upto 40,000 
both these cases were tImt negative. 


TABLE 18 


Relation of positivity of treadmill v;ith total MSTS 
achieved. 


achieved 

No. of 
TMT +ve 
Cases 

No. of 
TMT -ve 
cases 


Total ■ 

Percentage 

2-3 

4 

- 


4 

100 

4-6 

18 

2 


20 

90 

6-10 

24 - - 

8 


32 

75 

7io 

4 

4 


8 

So 

TOTAL 

50 

14 


64 

— 


Out of sixty four 

patients four patients 

performed 

. exercise 

upto 2-3 

METS 

(Class III) and all 

the four 

patients were treadmill 

positive. 

tv7enty 

patients 

performed exercise 

upto 

4-6 METS 

(Class II) 


and eighteen cases v;ere treadmill positive and tv;o 
vjere negative, thirty tv/o patients performed exercise 
upto 6-10 METS (Class I), of these twenty four were 
positive and eight were negative, eight patients 
performed exercise beyond ten MSTS and 50% of these 
patients were treadmill positive. 



Sixty eight diabetic patients performed the 
stress treadmill ECG test/ the i procedxire was fully 
■ explained to the patien-ts and all, possible efforts v/ere 
made to adjust the patients with the surroundings of 
treadmill room. In spite of all efforts four patients 
could not perform exercise to significant level so that 
their treadmill report could ‘nt be interpreted to 
co'nclusiono They were asked to do fast walking exercise 
and report again for a repeat TMT. These cases were not 
included in the study. In eight (12,50%) patients sudden 
rise of heart rate was observed when they just started 
the exercise in stage I and they took some time to 
become normal, in such patients the B.P. was also higher 
in stage I as compared to stage II B.P., 

In this study thirty six (56.25%) such patients 
had undergone treadmill testing and tv;enty six (72.2%) 
patients of these were found to have positive treadmill 
test/ out of these 26 patients only nine experienced 
chest pain and seventeen developed S-T depression without 
chest pain during exercise. Therefore, silent ischemia 
was found common in these patients. 

During the entire length of study none of the ' 
patients developed any major complication. 


t 
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DISCUSSION 


Diabetes mellitus is known for centuries and it 
is a world wide disease. It involves many systems of body 
cardiovascular involvement having its ovm significance. 

Early onset of atheroma, cerebrovascular disorders 
specially thrombosis, occlusion of major vessels lead to 
ischemia and even gangrene of limbs. 

Ischemic heart disease has become the most 
important cause of premature death and disability. The 
disease may result in sudden death or it may manifest 
itself as an acute and often fatal attack of myocardial 
infarction or as angina pectoris. It remains the leading 
cause of death inspite of all efforts made by scientists 
in the field of investigations and treatment. The disease 
has been studied in different parts of the world and the 
new technologies are coming day by day but still we have 
to know a lot about them. 

There is sufficient evidence to conclude that 
the incidence of diabetes mellitus is increasing, ' In 
India 2,1% of urban population and 1.5% of the rural 
population suffer from the disease. The incidence increases 
with age, Male to female ratio is 2,6 t 1,8. In western, 
countries diabetes mellitus is more common in females. 

Coronary artery disease has been reported to be 
on the increase in India, Various studies indicate that 



incidence of CAD ranges from 6 to 20% of all heart 
patients o . The pattern of coronary artery disease in 
India has been reported by Sinha (1978). The prevalence 
of coronary artery disease is much more common in males 
as compared to females. The ratio being 4 : 1 , but it 
is not true at extreme of age when the coronary 
incidence .becomes more or less same. In India CAD 
appears a decade earlier in life as compared to the age 
incidence in developed- countries. Association of coronary 
risk factors play very important role in development -and 
severity of coronary artery disease. Those patients who 
have multiple coronary risk factors are very much prone 
to develop coronary artery disease. 

In diabetics, the incidence of coronary artery 
disease increases manifold . The difference in premeno- 
pausal diabetics is even more noteworthy. The present 
study was conducted in the department of Medicine, M.L.B. 
Medical College, Hospital, Jhansi from June.' 1990 to 
Aug / 1991o Sixty eight patients were selected for this 
study but four of them could not perform enough exercise 
to achieve age predicted heart rate so they were not ^ ^ ^ 
considered subsequently and thus study comprised of sixty 
four patients . Out of these maximum number of patients 
(40.62%) were from 41 to 50 years of age while there were 
only eight (12.5%) patients below the age of forty years, 
l-^hen patients were classified in different NYHA classes. 
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majority of patients v;ere from class I while there were 
only three (4.69%) patients from class III, all three 
patients of this class v/ere found to have positive 
treadmill test while the incidence of positivity v;as less 
in patients who belonged to NYHA class I. It was also 
observed that capacity to do exercise also decreases as 
the NYKA class is increased. In this-etudy those who 
belonged to class HI had their treadmill test positive in 
very early stages of ' modified fi-ruce protocol. The 
exercise duration v;as much higher in patients of class I 
as compared to II and III NYHA classes. 

Majority of patients belonged to middle class 
and most of them v/ere from urban area, only six patients 
were from rural area. Male to female ratio in this study 
v;as 4.3 i 1. Most of the male subjects were from service 
class while most of the females were house wives. Most of 
the patients v;ere active but few patients in this study 
were sedentary, it was specially so with the females. 

In the present study risk factors . 'were present 
in good number of cases (89%) . Only seven patients were 
without any coronary risk factors and incidence of positi- 
vity was 43% higher in those who had more than two risk 
factors. There was poor correlation of the magnitude of 
S-T depression with the n\imber of risk factors. 

Hypertension v; as the commonest coronary risk 
factor in this study, smoking being the next culprit. 
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Growing emphasis on early diagnosis and 
prevention of coronary artery disease has made the 
exercise laboratory the integral part of any cardiac 
set up. Although evaluation of cardiovascular function 
in the resting state provides some useful information but 
examination of the circulatory response to stress is much 
more sensitive and informative (Epstein et al, 1967) . 
Treadmill is one of the most important and valuable non- 
invasive diagnostic tests in the clinical evaluation of 
patients with suspected or known coronary artery disease 
(Chung, 1973). 

In the present study the following criteria 
were utilized to call the test positive. 

lo S-T segment depression of one mm or more if it is 
horizontal or down sloping. 

2. When S-T segment depression was upsloping, the ’test 

, was -considered positive only when S-T segment was 

more than 1 mm dipressed after 80 m sec from j point 

otherwise it was labelled negative. 

In present study, it was not possible to get 

sensitivity and specificity of the treadmill test since 

we had no gold standard test like coronary angiography. 

In this hospital facility for coronary angiography does 

not exist. All "the patients from NYHA class III were 

found to have strongly positive treadmill test. Ihe 

. ' . ■ * ' ' " 
criteria for strongly positive treadmill test were early 


onset (first three minutes of Bruce Protocol)/ more than 
two mm S-T depressiqn (horizontal or downsloping) and slow 
recovery (persistence of S-T segment depression for more 
than eight minutes in post exercise period) . The concept 
that marked S-T segment depression is associated v;ith a 
more severe degree of coronary artery narrowing than 
minimal changes had been demonstrated by many investigators 
Four patients who had strongly positive treadmill test in 
our exercise laboratory had gone for selective coronary 
angiography elsewhere. All of them were found having 
three vessel and/or left main coronary artery involvement. 
All angiographically documented cases had more than two mm 
S-T segment depression/ three of them had this depression 
during stage I of modified Bruce protocol while one had 
S-T depression in stage II, Their doxable product was 
less than 30/000, Those patients in whom two mm or 
greater ischemic S-T depression occurs had 57% incidence 
of three vessel disease and 85% two vessel disease. 

One of these four patients who had strongly 
positive treadmill test and detected on subsequent coronary 
angiography, was advised urgent coronary Bypass surgery, 
somehow he di,d*nt have the surgery and sustained acute 
inferior wall myocardial infarction after three weeks of 
treadmill test, ^ 

Patients with classical history of angina will be 
found to have coronary disease 90% of the times while 
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50?4 of patients with atyoical chest pain 
will be found to have coronary artery disease. With an 
ischemic exercise response probability increases to 98% 
in typical angina and 87% in atypical chest pain while 
negative test reduces this probability to 75% and 25% in 
typical and atypical chest pain respectively. Patients 
v;ith non ischemic pain have pretest probability of 10% : ^ 
while positive test increase this to 44% and negative 
test decreases it to 4% (Diamond, 1979). 

In this study vfhen diabetics were classified in 
three groups on the basis of nature of their chest pain. 
Group I included twelve patients and all v;ere positive 
for ischemic exercise response indicating 100% incidence, 
Itfhen these results were compared with similar study 
conducted in our department one year ago in non diabetics 
(Jain, 1991), the probability of ischemic exercise response 
in this group was 83.3%. Group II included sixteen 
patients and out of these, fourteen v/ere positive indica- 
ting 87.5% incidence of ischemic exercise response as 
compared to 41% in previously conducted study over non- 
diabetics. Group IIIj where the chest pain v/as considered 
probably of non ischemic origin, included thirty six 
patients and among them, exercise response was positive 
in 72.2%. In the above mentioned work in this department 
such non-diabetic patients numbering seven had negative' 
TMT in all. ■ 
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In this study out of sixty four patients 28% 
had chest pain during exercise as compared to 31% in 
previously conducted study in non-diabetics when positivity 
of treadmill testing is compared between present study and 
non-diabetics of previous study, it is 50.8% and 78ol% 
respectively. 

In this study, - twelve s\ibjects had typical 
angina, sixteen had atypical chest pain and thirty six 
had chest pain of probably non ischemic origin, although 
72 o 2% subjects having chest pain of probably non-ischemic 
origin were found to have positive test but only seven 
(23%) experienced chest pain and in remaining presumably 
myocardial ischemia v;as silent. ' 

VJhen adequate stress fails to reveal S-T segment 
displacement, it is unlikely that clinical coronary event 
will be manifested over the ensuing few years, Ellestad 
and Wan (1975) found that a negative stress test predicted 
a six fold decrease in the likelihood of developing a 
coronary event over the ensuing eight years compared 
with an ischemic S-T response. 

Bach level of work on the treadmill required a 
specific oxygen consumption per kilogram of body weight 
i.e. a specific multiple of resting oxygen consumption 
(e.g. 2 MSTS, 3 iftETS) o Therefore, if it is known what^^ 
number of METS are required for each stage of a particular 
protocol, the total llETS achieved can be used as an indi- 
cator of work capacity. The following shows the relation- 
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ship between the New York Heart Association classes and 
METS . ; 

1. Cardiac patients are able to perform exercise work 
load as follows : 

Functional class I - 6-10 METS 

Functional class II _ 4 -6 MSTS 

Functional class III - 2-3 METS 

Functional class IV - 1 METS 

2. Healthy subject is able to perform exercise work 
loads as follows : 

Healthy sedentary individuals - - Beyond 10-11 METS 
Physically active individuals - Beyond 16 METS. 

In this study out of sixty four patients# four 
achieved 2-3 METS (Functional class III)# eighteen 
subjects achieved 4-6 MSTS (Functional class II)# twenty 
four subjects achieved 6-10 METS (Functional class I) and 
four patients achieved beyond ten METS (Healthy sedentary 
individuals) , None of the subject achieved beyond 16 
METS. Ihere is a direct correlation of severity, of TMT 
positivity with individuals* functional class. 

Class II and III patients had more positive TMT 
as compared to class I patients . Out of four subjects 
of class II all Jiad positive TMT, in class II eighteen 
patients had positive TMT out of twenty patients while 
there were thirty tlwo patients from class I and twenty 
four had positive TlMT. All four subjects who achieved- 
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beyond 10 METS v^ere TMT negative. 

The conclusion of the -above data is as follovrss 
There is a direct correlation of severity of CAD with 
functional capacity of patients i.e. more performance 
of exercise/ less will be the chance of severe 
coronary artery disease. 

- The individuals of this region are not well accust-omed- 
to such exercise and they are able to perform less 
exercise as compared to vrestern countries (eight out of 
fourteen (57%) cases v/ith negative TMT could not 
exercise beyond stage III/ while average westerner can 
exercise upto stage lY) , 

- They achieved age predicted siib-maximal heart rate in 
early stages of exercise indicating poor cardiovascular 
conditioning. 

Out of fourteen negative cases, one achieved age 
predictive heart rate in state II, seven did so in stage 
III and remaining six achieved this rate in stage IV, No 
patient could exercise beyond stage V. 

Double product (product of heart rate and systolic 
blood pressure at peak of exercise) is considered to be a 
practical index of : myocardial oxygen requirement. In this 
Study there is ample evidence to correlate the double 
product with severity of coronary artery disease in the 
form of treadmill test positivity. Eight patients 
achieved double product less than 20,000 and all were 


i.ound Ti4T positive, it v;as similar in all sixteen patients 
also who achieved double product upto 25,000o Double i 
product beyond 40,000 was achieved by two patients and 
both turned out to be TMT negative. Similar results v;ere 
obtained in previously conducted study among non-diabetics 
(Jain, 1991) . Hov/ever, eight patients achieved double 
product beyond 40y00'0'o On the basis of these results it 
is clear that increasing coronary artery obstruction, 
leads to reduced supply of oxygen to the myocardium, in 
response to increased demands, this leads to less increment 
of systolic blood pressure and heart rate? so S-T changes 
become apparent at low double product (assuming resting 
heart rate and systolic blood pressure in normal range) . 

Cole and Ellestad (1978) assessed the significance 
of chest pain during treadmill exercise and found that in 
patients with chest pain coronary events were tv;ice as 
frequent as in individuals with S-T depression alone. The 
incidence of coronary events was more than twice, if angina 
was induced by a light work load (4 METS) as compared to 
when it was induced by a heavy work load. 

J point depression (when S-T became isoelectric 
before 80 m see) is not a good' indicator of coronary 
disease (lower predictive value) as are horizontal and 
downsloping patterns of -S-T depression so this x^as not 
positive response. ; ^ 

A ’ 


Some 'preliminary studies on abnormal H. v;ave 
amplitude response were encouraging, but it remained to 
be seen \^hether R wave amplitude change would prove to be 
of value in improving sensitivity, specificity and 
predictive value of exercise EGG. It is believed by many 
that an increase in R wave amplitude associated with 
ischemic S-T changes enhanced the likelihood that a patient 
with coronary artery disease has extensive involvement, 
prebably associated with left ventricular dysfunction. 

An isolated R wave amplitude change may allow far 'greater 
sensitivity but at the expense of specificity. 

In this study seven (10.9%) subjects had 
abnormal R wave amplitude and in them there v/as associated 
S-T depression. 

H'/elve (18.7%) patients had abnormal blood 
pressure response ten of them had associated angina. 
Recognition of this response is not only essential to 
safely conduct the test, but because the value of this 
sign as a predictor of critical narrowing of coronary 
arteries as suggested by a number of reports. 

Pontius et al (1978) reported the coronary 
arteriographic findings of 44 patients in whom systolic 
blood pressure failed to rise or fall in the absence of 
other abnormal exercise responses. Of these 44 patients, 
nine patients had left main coronary artery disease and 
twenty patients had triple vessel disease. Because of 


the poor sensitivity of isolated abnormal blood pressure 
response (38-75%), it was not included in this study 
for positive test. 

Out of sixty four patients, three (4,7%) had 
ventricular premature contractions, all the three 
patients had angina and all of them had S-t depression. 

By many reports it has been shown that-ventricular 
arrhythmias during exercise testing are common (20% to 72%) 
being more so ih older subjects V7ith coronary disease 
and have low reproducibility and predictive value for 
coronary artery disease. The occurrence of these 
arrhythmias in normal subjects again limits its diagnostic 
usefulness. 

The duration of diabetes has good correlation 
with severity and incidence of coronary artery disease. 

In this study, the patients who were diabetic for longer 
dxiration had not only higher incidence of coronary 
artery disease but the disease was. more severe in them 
as compared to these who were diabetic for shorter 


duration 
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SUMMARY AND CONCLUSION 


The present study was carried out in Treadmill 
Exercise BCG laboratory of Department of Medicine, M.L.B. 
Medical College, Jhansi. Fortunately none of the patients 
had any major complications. Though the exercise labora- 
tory was fully equipped to manage any complication during 
exercise. Sixty four diabetics Vrere selected for the 
treadmill testing and multivariate analysis was done to 
draw conclusions. Patients were called for the exercise 
testing on appointment basis and all the desired instruc- 
tions were given to them to be followed before and during 
the testo Guide lines were provided to the patients, 
regarding treatment, dietary habits and level of physical 
activity that they should perform safely in future. 
Informed and written consent was taken from every patient. 
Preparation of the patients was done with all efforts to 
get a good quality of tracings because it is the most 
important factor to interpret the results. 

Patients included in this study were from both 
sexes and from different age groups. The youngest patient 
was forty three years old and the oldest was of sixty five 
years. On the basis of their symptoms, majority ( 65 . 62 %) 
of patients were from NYHA. class T. Coronary risk 
factors V7ere present in fair number of cases, only seven 
patients were without any risk factor, except diabetes 
obviously while others had multiple coronary risk factors. 
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In some patients the resting heart rate and systolic 
blood pressure v;ere lov? v/hile in others these parameters 
x^?ere round at higher side but no correlation X'/as esta- 
blished V7ith the positivity of treadmill. There v/ere 
three study groups# group I included patients with 
typical chest pain suggestive of angina pectoris and 
comprised of twelve patients# group II included patients^ 
v;ith atypical chest pain probably of non-ischemic origin 
and comprised of sixteen patients, v-fliile group III 
comprised of thirty six patients. It v;as important to 
note that incidence of I.H.D, v;as maximum in group I and 
minimum in group III. During exercise# shift of S-T 
segment v; as variable in different patients# but conside- 
ring all the three study groups together maximum number 
of subjects had tv/o mm or more S-T segment depression. 
Chest pain v;as very important event during the stress 
testing. In group III patients# only few had chest pain 
when doing treadmill while S-T segment depression was 
present in many cases probably indicating silent 
myocardial ischemia. Abnormal EGG and non EGG findings 
were present in variable number of patientSo 

The number of risk factors had good correlation 
with positivity of the treadmill, the later being higher 
with increasing number of risk factors in an individual. 
NYHA. classes, also had good relationship with positivity 
of treadmill. The later increasing with higher NYHA 


class. 
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ME TS achieved by the patients during exercise 
was also an indicator of severity of disease, positivity 
or TKT being inversely proportional to the number of METS 
achieved. 

Patients v;ith strongly positive test were found 
to have achieved low pressure products and exercised for 
a shorter period as compared to those -having milder 
changes in exercise test. 

The conclusions based. on. the data obtained by 
treadmill testing were as follovjs 

1. This study was conducted in 64 siobjects ranging from 
ace 43 years to 65 years (average 51.7 years). Out 
of these fifty two 'were males and tv/elve females. 

2„ Out of the sixty four subjects, forty tv/o males had 
positive treadmill test and eight females were also 
positive. In males treadmill v;as positive in 80.7% 
cases while in females it was positive only in 
66.7% cases. Thus the difference, as expected_; being 
diabetes, was not too much. 

3. Risk factors w^ere present in fair number of cases, 
three patients had three risk factors each, fifteen 
had two: each while in thirty nine patients, there 
was only one in each case. Seyen patients were 
without any risk factors. Hypertension, which was 
the commonest risk factor being present in 37. 5% 
subjects, was also found to be associated with higher 
ineidence: of positive TMT cases. TMT was Dositive in 


all ths cases having three risk factors each. Average 
number of risk factors v/as 1.2 present (N.B.. Since 
all the subjects were diabetic so infact the average 
risk factors 'vere 2.2). ' 

Probability of positive TMT increases with increasing 
duration of diabetes. Patients vrho had diabetes for 
less than five years had 62 .S'o positive TMT, in 
ten years* diabetics it was 79.3% and those who v;ere 
diabetic for more than ten years had positive TMT in 
89, 5% patients. 

The average resting heart rate was 84 per minute and 
the systolic B.P. was 144 mm Hg. This did not 
have any bearing on TMT results. 

Prevalence of CAD v/as directly related to the nature 
of symptoms ; 

- Subjects with typical chest pain had higher 
prevalence of positive tests, out of twelve 
patients of this group all were treadmill positive 

- Subjects with atypical chest pain of probable 
ischemic origin had 85.5% prevalence of positive 
test (fourteen out of sixteen) . 

- In atypical chest pain probably of "non ischemic 
origin the possiblity of CAD was still less, out 
of thirty six patients twenty four had positive 


treadmill . 
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Onset of S-T depression had direct correlation v/ith 
positivity of TJ-EC. in 32% cases S-T segment deore- 
ssion started in stage one of modified Bruce orotocol 
and these patients were found to have strongly 
positive THT. 

8. Chest pain was a significant finding during treadm.il 1 
testing. Out of thirty six patients with at^^ical 
chest pain probably of non-ischemic origin, twenty 
four had positive treadmill test. Of these positive 
cases only seven had chest pain during exercise and 
in seventeen myocardial ischemia v?as silent. 

9. j^normal B.P. finding during exercise was a very 
comm.on findings and in majority it is associated 
wath positive treadmill test. 

10. There v;as direct correlation of severity of Cad v/ith 
functional class. Those subjects having symptoms of 
functional class II and III had more prevalence of 
CAD. Correlation of severity of Cad to the total 
MET3 achieved was similar. 

11. Double product achieved by patients was inversely 
proportional to the severity of CAD. Less was the 
double product achieved more was the severity of GAD. 

The present study has shown that the incidence 
of CAD as documented by positive TMT exercise testing is 
definitely higher as compared to non-diabetics irrespec- 
tive of type of chest pain. 
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To conclude the treadmill exercise ECG testing 
seems a good screening test for diabetics to unearth 
asymptomatic . myocardial ischaemia and to document/ 
exclude the same in diabetics having atypical chest 
pain seemingly of non-ischaemic origino Treadm.ill stress 
test also seems a fruitful guide to prescribe physical 
exercise to diabetics 'vvithin safe limits, so that 
diabetics are not prey to the on slaught of silent 
myocardial ischaem.ia. 
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DEPARTMENT OF MSDICETS, M.L.B, I'^DICAL COLLEGE, JHAt'TSI 


PROFORMA FOR TREADMILL TESTING 


OPD/MRD No. Si. No. 

1, Name 
2o Age/Sex 
3o Address 

4c, Marital Status j Single/married 

5. Socio-economit status : 

6. Name of occupation 

7. Level of Activity : Active/ Sedentary ; 

So Reffered by ; 


HISTORY j 


Chief Complaints : 1. 

2o 

3. 


HISTORY OF PRESENT ILLNESS 


Chest Pain 


Dyspnoea 


So Duration 

b. Site 

c. Character 

d. Radiation 

e. Precipitating Factors 

f. Relieving Factors 

g. Frequency 

- Exertional dyspnoea - Duration 

- Grade 

PND 

Orthopnoea 
Pulrtranary oedema 



1' 8 


Palpitation 


Cough 


- Duration 

- Nature - Continuous 

~ Paroxysmal - Polyurea 

- Sv/e ating 

- Chest pain 
•- Syncope. 

- Others 

- Duration 

- Nature Dry Productive 

- Timing 


Haemoptysis 


Syncope 


- Duration 

- Frequency 


Other symptoms 
PAST HISTORY 

■ Whether suffering/suffered from following diseases 

1. Rneumatic fever H/o Cardiac Surgery 

2. Hypertension 

3 . DiaPetes 

4. Tuberculosis 

5 . Gout 

*’6. Hyper iipidaemia 
7o Other Specify 

PBRSONAL HISTORY 
Vegetarian 
Smoking 

Alcohol 

FAMILY HISTORY 
IHD. 

Hypertension 
- 'Diabetes 

\ ^If Yes ' state age, relationship ; 


Non- vegetarian 

Duration 

Amount 



HISTORY OF DRUG INTAKE 


I - 9 


Specify name, dose, duration of drugs 

PHYSICAL EXAMINATION 

Weight kg Height cms 

Pulse per min. 

B.P. : 

Upper limb : Systolic Diastolic 

-- — , Lower limb : Systolic Diastolic 

Respo rate Cyanosis 

Cluobing Oedema 

Icterus Pallor 

Lymph Nodes Hydration 

Xanthelasma/Xanthoma 

CVS EXAMINATION 

Inspection 

Palpation 

Auscultation 1st Sound Ilnd Sound 

Accompaniments 

Mitral Area 
Aortic -Area 
Pulmonary Area 
Tricuspid Area 

Resp. Sysrem Examination 
CNS Examination 

Abdomen. 


TLC : 

L B M B 


INVESTIGATION 

Haemato logical 
Hb gm 

DLC ; P 
ESR. 



STG 


HDL 

DP 


1 10 


Serum Cholesterol 
Blood Sugar : Fasting 
Ur ice Acid i 
Blood Urea 

X-Ray Chest 


S. Creatinine 


E.C.G, 

Report of any other investigations 

TMT/ CAR T/Cor on ary Ang i o gr aphy /Ho Iter 


■PROFORMA FOR.SXERCISB TESTING 


SI. No. 


Dated : 


Informed Consent : 


Indication 
Protocol Used 
Sign & Symptoms ; 

HR BP Arrhyth- ST Sign/ R wave 

mias cnanges Symptoms in 

Supine 

Standing 

Hyperven- 
tilation 
(2 rats) . 


Stage Time in Total B.P. HR Arrhy- S-T Symp/ 'R' 

stage time thmias changes Sign wave 

(rats . ) (rats) 



RECO VERY 

Predicted Max Heart Rate : 
90% of Max HR 


85% of MaX jHR 


1 



Ill 


2o Heart rate achieved 

3. Total duration of exercise KSTS 

4o Functional Aerobic Impairment 
5. Double Product 
6o Sign of LV failure. 


INTSRPRETATIOK 

Summary of aonormal findings and their significance. 
RESULT 
ADVICE 

FOLLOW UP TMT 

Date Si No. 

Interpretation 


Reported by 


TMT IN CHARGE 


CARDIOLOGIST 



